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About 
Our Cover: 
The design on our front cover is an abstract portrayal of the basic microcontroller 
function. 


The center sphere, symbolic 
of a microcontroller, 
contains a molecular 
orbital diagram 
of the 
architectural 
construction 
of a cubic unit of silicon. 
The red pathways leading from the central 
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of distant or remote controlled 
applications. 
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CHAPTER 1 


INTRODUCTION TO MCS®-96 


1.0 CONTINUING 
MICROCONTROLLER 


EVOLUTION 


Beginning 
with the introduction 
of the world 
standard 


8048 (MCS@-48) Microcontroller 
in 1976, Intel has con- 
tinued to drive the evolution 
of single chip microcontroll- 
ers. In 1980, Intel introduced the 8051 (MCS-51) offering 
performance 
levels 
significantly 
higher 
than the 8048. 
With the advent of the 8051, 
the microcontroller 
appli- 


cations base took a marked vertical leap. These versatile 
chips are used 
in applications 
from keyboards 
and ter- 


minals 
to 
controlling 
automobile 
engines. 
The 
8051 
quickly gained the position of the second generation world 
standard microcontroller. 


being pushed 
to new limits, 
it has become 
possible 
to 
integrate more than 100,000 transistors 
onto a single sil- 
icon chip. 
Microcontroller 
designers 
at Intel have taken 


today's 
process 
technology 
achievements 
and forged 
a 


new generation 
of single chip microcontrollers 
called the 


MCS-96. 
The 8096 (generic 
part number 
for MCS-96) 


offers the highest level of system integration ever achieved 
on a single chip microcontroller. 
It uses over 
120,000 


transistors 
to implement 
a high performance 
16-bit CPU, 


8K bytes of program memory, 
232 bytes of data memory 


and both analog and digital types of 110 features. 
Figure 


I-I shows the evolution 
of single chip microcontroller 
at 


Intel. 


• 
16 BIT CPU 


• 
8K ROM 
• 
232 BYTE 
RAM 


• 
TIMER/COUNTER 


• 
PARALLEL 
YO 


• 
SERIAL 
I/O 


• 
10 BIT AiD 
• 
HIGH 
SPEED 
I/O 


• 
PWM 
• 
WATCH 
DOG TIMER 


.8 
BIT CPU 


• 
112J4K ROM 


• 
64/128/256 
BYTE 
RAM 


• 
TIMER/COUNTER 


• 
PARALLEL 
YO 


• 
8 BIT AiD 


.8 
BIT CPU 


• 
4/8K 
ROM 
• 
128/256 
BYTE 
RAM 


• 
TIMER/COUNTER 


• 
PARALLEL 
YO 


• 
SERIAL 
YO 


The 8096 consists of a 16-bit powerful 
CPU tightly cou- 
pled with program 
and data memory 
along with several 
110 features all integrated 
onto a single piece of silicon. 


The CPU supports bit, byte, and word operations. 
32-bit 


double 
words are also supported 
for a subset of the in- 


struction 
set. With a 12 MHz input frequency, 
the 8096 


can perform 
a 16-bit addition 
in 1.0 
J.Ls and 
16 x 
16 
multiply or 32/16 divide in 6.5 
IJ-S. 


Four high-speed 
trigger inputs are provided to record the 
times at which external events occur with a resolution 
of 


2 IJ-S (at 12 MHz crystal frequency). 
Up to six high-speed 


pulse generator 
outputs 
are provided 
to trigger external 


events 
at preset 
times. 
The high speed output 
unit can 


simultaneously 
perform 
timer functions, 
up to four such 


16-bit software 
timers can be in operation 
at once in ad- 
dition to the two 16-bit hardware 
timers. 


An optional 
on-chip ND converter 
converts 
up to four 
(in the 48-pin version) or 8 (in the 68-pin version) analog 
input channels 
into lO-bit digital 
values. 
Also provided 
on-chip, 
is a serial port, a watchdog 
timer, and a pulse- 
width modulated 
output signal. Table I. I shows the fea- 
tures and benefits summary 
for the MCS-96. 


The 8096 with its 16-bit CPU and all the 110 features and 
interface resources on a single piece of silicon represents 
the highest 
level of system 
integration 
in the world of 
microcontrollers. 
It will open up new applications 
which 
had to use multiple chip solutions 
in the past. 


FEATURES 
BENEFITS 


16-Bit CPU 
Efficient machine with higher throughput. 


8K Bytes ROM 
Large program space for more complex, 
larger programs. 


232 Bytes RAM 
Large on-board 
register file. 


Hardware 
MUUDIV 
Provides good math capability 
16 by 16 multiply or 32 by 16 divide 


in 6.5 
IJ-S @ 12 MHz .. 


6 Addressing 
Modes 
Provides greater flexibility of programming 
and data manipulation. 


High Speed 110 Unit 
Can measure and generate pulses with high resolution 
(2 J.LS @ 


4 dedicated 
110 lines 
12 MHz). 
4 programmable 
110 lines 


10-Bit ND Converter 
Reads the external analog inputs. 


Full Duplex Serial Port 
Provides asynchronous 
serial link to other processors 
or systems. 


Up to 40 110 Ports 
Provides TTL compatible 
digital data 110 including 
system expansion 
with standard 8 or 16-bit peripherals. 


Programmable 
8 Source Priority 
Respond 
to asynchronous 
events. 
Interrupt System 


\ 


Pulse Width Modulated 
Output 
Provides a programmable 
pulse train with variable duty cycle. Also 


used to generate analog output. 


Watchdog Timer 
Provides 
ability to recover from software 
malfunction 
or hardware 


upset. 


48 Pin (DIP) & 68 Pin (F1atpack, Pin 
Offers a variety of package 
types to choose from to better fit a specific 
Grid Array) Versions 
application 
need for number of 1I0's and package 
size. 


The MCS-96 
products 
are stand-alone 
high performance 
single chip microcontrollers 
designed 
for use in sophis- 
ticated real-time demanding 
applications 
such as industrial 
control, 
instrumentation 
and intelligent 
computer 
periph- 
erals. The wide base of applications 
cut across all industry 
segments 
(see table 
1.2). 
With 
the 
16-bit CPU horse- 
power, high-speed 
math processing 
and high-speed 
I/O, 
the 8096 is ideal for complex motor control and axis con- 
trol systems. 
Examples 
include three phase, large horse- 
power AC motors and robotics. 


With its 10-bit AID 
converter 
option, 
the device 
finds 
usage in data acquisition 
systems and closed-loop 
analog 


controllers. 
It permits considerable 
system integration 
by 


INDUSTRIAL 


Motor Control 
Robotics 
Discrete and Continuous 
Process Control 
Numerical 
Control 
Intelligent 
Transducers 


INSTRUMENTATION 


Medical 
Instrumentation 


Liquid and Gas Chromatographs 
Oscillioscopes 


CONSUMER 
Video Recorder 
Laser Disk Drive 
High-end 
Video Games 


GUIDANCE 
& CONTROL 
Missile Control 
Torpedo Guidance 
Control 


Intelligent 
Ammunition 
Aerospace 
Guidance 
Systems 


DATA PROCESSING 
Plotters 
Color and B&W Copiers 
Winchester 
Disk Drive 
Tape Drives 
Impact and Non-Impact 
Printers 


TELECOMMUNICATIONS 
Modems 
Intelligent 
Line Card Control 


AUTOMOTIVE 


Ignition Control 
Transmission 
Control 
Anti Skid Braking 
Emission 
Control 


combining 
analog and digital 1/0 processing 
in the single 


chip. 


This chip is ideally suited in the area of instrumentation 
products such as gas chromatographs, 
which combine an- 


alog processing 
with high speed number crunching. 
The 


same features make it a desirable component 
for aerospace 


applications 
like missile guidance 
and control. 


1.3. MCS®-96 FAMILY DEVELOPMENT 
SUPPORT 
TOOLS 


The product family is supported 
by a range of Intel soft- 
ware and hardware development 
tools. These tools shorten 


the product development 
cycle, thus bringing the product 


to the market sooner. 


1.3.1. 
MCS®-96 Software 
Development 
Package 
The 8096 software development 
package provides 
devel- 
opment system support specifically designed for the MCS- 
96 family of single chip microcontrollers. 
The package 


consists of a symbolic macro assembler 
ASM-96, 
Linkerl 


Relocator 
RL-96 
and the librarian 
LIB-96. 
Among 
the 


high level languages, 
PLM-96 
is offered 
along 
with a 


floating point math package. 
Additional 
high level lan- 
guages 
are being 
developed 
for the 
MCS-96 
product 


family. 


1.3.2. ASM-96 MACRO Assembler 
The 8096 macro assembler 
translates the symbolic assem- 


bly language instructions 
into the machine executable 
ob- 
ject code. ASM-96 
enables 
the programmer 
to write the 


program 
in a modular 
fashion. 
The modular 
programs 


divide a rather complex 
program 
into smaller functional 


units, that are easier to code, 
to debug, 
and to change. 


The separate modules can then be linked and located into 
one program 
module using the RL-96 utility. This utility 


combines 
the selected input object modules 
into a single 


output object module. 
It also allocates 
memory 
to input 


segments 
and binds the relocatable 
addresses 
to absolute 


addresses. 
It then produces 
a print file that consists 
of a 


link summary, 
a symbol table listing and an intermediate 


cross-reference 
listing. 
LIB-96, 
another 
utility helps to 


create, 
modify, 
and examine 
library files. The ASM-96 


runs on Intellec Series III or IV. 


1.3.3. 
PL/M-96 
The PUM-96 
compiler 
translates 
the PLlM-96 
language 


into 8096 relocatable 
object 
modules. 
This allows 
im- 


proved programmer 
productivity 
and application 
reliabil- 
ity. This high level language has been efficiently designed 
to map into the machine 
architecture, 
so as not to trade 


off higher programmer 
productivity 
with inefficient code. 


Since the language and the compiler are optimized 
for the 


8096 and its application environment, 
developing 
software 


with PUM-96 
is a 'low-risk' 
project. 


1.3.4. 
Hardware 
Development 
Support: 
iSBE-96 


The iSBE-96 
is a hardware 
execution 
and debug tool for 


the MCS-96 
products. 
It consists 
of a monitor/debugger 


resident in an 8096 system. 
This development 
system in- 


terfaces with the user's 8096 system via two ribbon cables, 
one for the 8096 110 ports, and the other for the memory 
bus. The iSBE-96 
is controlled 
by an Intellec 
Series III 


or other computer system over a serial link. Power for the 
iSBE-96 
can be supplied 
by plugging 
it into the MUL- 


TIBUS~ 
card slot, or by an external 
power supply. The 


iSBE-96 is contained on one standard MULTIBUS 
board. 


The iSBE-96 
provides 
the most often used features 
for 


real-time 
hardware 
emulation. 
The user can display 
and 


modify 
memory, 
set up break 
points, 
execute 
with or 


without breakpoints 
and change the memory 
map. In ad- 


dition, 
the 
user 
can 
single 
step 
through 
the 
system 


program. 


1.3.5. 
MCS®-96 Workshop 


The workshop 
provides 
the design 
engineer 
or system 


designer hands-on experience 
with the MCS-96 family of 


products. 
The course includes an explanation 
of the Intel 


8096 
architecture, 
system 
timing, 
input/output 
design. 
The 
lab sessions 
allow 
the attendees 
to gain 
in-depth 


knowledge 
of the MCS-96 
product 
family 
and support 


tools. 


1.3.6. 
Insite' 
M 
Library 


The Intel Insite Library contains 
several application 
pro- 
grams. 
A very useful program 
contained 
in the Insite is 
SIM-96, 
the software 
simulator 
for 8096. It allows soft- 


ware simulations 
of user's system. The simulator provides 


the ability to set breakpoints, 
examine 
and modify mem- 


ory, disassemble 
the object code and single step through 


the code. 


Although 
8096 is the generic part number often used for 
the MCS-96 products throughout 
this manual, the product 


family 
consists 
of eight 
configurations 
with eight 
part 
numbers including the 8096. This wide variety of products 
is offered to best meet user's 
application 
requirements 
in 
terms of number of 1I0's and package 
size. The options 


include on-board 8K bytes of mask programmed 
memory, 


10-bit A/D converter, 
and 48 or 68 pin package 
type. 


Table 
1-3 summarizes 
all the current 
products 
in the 


MCS~-96 
product family. 


OPTIONS 
68 PIN 
48 PIN 


ROMLESS 
8096 
8094 
DIGITAL 
110 
ROM 
8396 
8394 


ANALOG 
ROMLESS 
8097 
8095 


AND 
DIGITAL 
110 
ROM 
8397 
8395 


The 48 pin version 
is available 
in a DIP (dual inline) 


package. 


The 68 pin version 
comes 
in two packages, 
the Plastic 


Flatpack and the Pin Grid Array. 
. 


Architectural Overview 
,. 
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CHAPTER 2 
ARCHITECTURAL 
OVERVIEW 


The 8096 can be separated 
into several 
sections 
for the 
purpose 
of describing 
its operation. 
There 
is a CPU, 
a 
programmable 
High Speed 110 Unit, an analog to digital 


converter, 
a serial port, 
and a Pulse Width 
Modulated 


(PWM) output for digital to analog conversion. 
In addition 
to these functional 
units, 
there are some sections which 


support 
overall 
operation 
of the chip such as the clock 


generator 
and the back-bias 
generator. 
The CPU and the 


programmable 
110 make the 8096 very different from any 


other microcontroller, 
let us first examine the CPU. 


The major components 
of the CPU on the 8096 are the 
Register 
File and the RALU. 
Communication 
with the 


outside world is done through either the Special Function 
Registers 
(SFRs) or the Memory 
Controller. 
The RALU 


(Register/Arithmetic 
Logic Unit) does not use an accu- 


mulator, it operates directly on the 256-byte register space 
made up of the Register File and the SFRs. Efficient 110 


operations 
are 
possible 
by 
directly 
controlling 
the 


110 through the SFRs. The main benefits of this structure 
are the ability to quickly change context, 
the absence of 


accumulator 
bottleneck, 
and 
fast 
throughput 
and 
110 


times. 


2.1.1. 
CPU Buses 
A "Control 
Unit" 
and two buses connect 
the Register 


File and RALU. Figure 2-1 shows the CPU with its major 
bus connections. 
The two buses are the "A-Bus" 
which 
is 8-bits wide, and the "D-Bus" 
which is 16-bits wide. 


The D-Bus transfers data only between the RALU and the 
Register 
File or Special Function 
Registers 
(SFRs). 
The 


A-Bus is used as the address bus for the above transfers 
or as a multiplexed 
address/data 
bus connecting 
to the 
"Memory 
Controller". 
Any accesses of either the internal 


ROM or ex!ernal memory are done through the Memory 
Controller. 


Within the memory controller 
is a slave program counter 
(Slave PC) which keeps track of the PC in the CPU. By 
having most program fetches from memory referenced 
to 


EA 


ALE 
aHE 
Ac 
WR 


READY 


RESET 


P3j 


ADORIDATA 


aus 


P4 


the slave PC, the processor saves time as addresses seldom 
have to be sent to the memory 
controller. 
If the address 


jumps 
sequence 
then the slave PC is loaded with a new 


value and processing 
continues. 
Data fetches from mem- 


ory are also done through the memory controller, 
but the 


slave PC is bypassed 
for this operation. 


2.1.2. 
CPU Register File 


The Register File contains 232 bytes of RAM which can 
be accessed as bytes, words, or double-words. 
Since each 


of these locations 
can be used by the RALU, 
there are 


essentially 
232 "accumulators". 
The first word in the 


Register 
File is reserved 
for use as the stack pointer so 


it can not be used for data when stack manipulations 
are 


taking place. 
Addresses 
for accessing 
the Register 
File 


and SFRs are temporarily 
stored in two 8-bit address reg- 


isters by the CPU hardware. 


2.1.3. 
RALU Control 


Instructions 
to the RALU are taken from the A-Bus and 


stored temporarily 
in the instruction register. The Control 


Unit decodes 
the instructions 
and generates 
the correct 
sequence of signals to have the RALU perform the desired 
function. 
Figure 2-1 shows the instruction register and the 
control unit. 


2.1.4. 
RALU 
Most calculations 
performed by the 8096 take place in the 
RALU. The RALU, 
shown in Figure 2-2, contains a 17- 
bit ALU, the Program 
Status Word (PSW), 
the Program 
Counter 
(PC), a loop counter, 
and three temporary 
reg- 


isters. All of the registers are 16-bits or 17-bits (16 + sign 
extension) 
wide. Some of the registers have the ability to 
perform simple operations 
to off-load the ALU. 


A separate incrementer 
is used for the PC; however, jumps 


must be handled through the ALU. Two of the temporary 
registers 
have their own shift logic. These registers 
are 
used for the operations 
which require 
logical 
shifts, 
in- 


cluding 
Normalize, 
Multiply, 
and Divide. 
The "Lower 


Word" 
register is used only when double-word 
quantities 


are being 
shifted, 
the 
"Upper 
Word" 
register 
is used 


whenever 
a shift is performed 
or as a temporary 
register 


for many instructions. 
Repetitive shifts are counted by the 


5-bit "Loop 
Counter". 


A temporary 
register is used to store the second operand 


of two operand 
instructions. 
This includes the multiplier 


during 
multiplications 
and the divisor 
during 
divisions. 
To perform subtractions, 
the output of this register can be 
complemented 
before being placed into the "B" 
input of 


the ALU. 


The DELAY shown in Figure 2-2 is used to convert the 
16-bit bus into an 8-bit bus. This is required 
as all ad- 


dresses 
and instructions 
are carried on the 8-bit A bus. 
Several 
constants, 
such as 0, 
I and 2 are stored in the 
RALU for use in speeding up certain calculations. 
These 
come 
in handy 
when 
the RALU 
needs 
to make a 2's 
complement 
number 
or perform 
an increment 
or decre- 


ment instruction. 


The 8096 requires 
an input clock frequency 
of between 


6.0 MHz and 12 MHz to function. 
This frequency can be 
applied directly 
to XTALI. 
Alternatively, 
since XTALI 
and XTAL2 are inputs and outputs of an inverter, it is also 
possible 
to use a crystal 
to generate 
the clock. 
A block 


diagram of the oscillator 
section is shown in Figure 2-3. 
Details of the circuit and suggestions 
for its use can be 
found in section 4. I. 


2.2.1. 
Internal Timings 


The crystal or external oscillator 
frequency 
is divided by 


3 to generate 
the three internal 
timing phases as shown 


in Figure 2-4. Each of the internal"phases 
repeat every 3 


oscillator 
periods: 
3 oscillator 
periods 
are referred 
to as 


one "state 
time", 
the basic time measurement 
for 8096 


operations. 
Most internal operations 
are synchronized 
to 


either Phase A, B or C, each of which have a 33% duty 
cycle. Phase A is represented 
externally 
by CLKOUT, 
a 
signal available 
on the 68-pin part. Phases B and C are 


not available 
externally. 
The 
relationships 
of XTALI, 


CLKOUT, 
and Phases A, B, and C are shown in Figure 


2-4. It should be noted that propagation 
delays have not 


PHASE 
A 


(CLOCKOUTj 


_1l __ Il __ 1 


PHASEC 1 
Il 
Il 
_ 


been taken into account in this diagram. 
Details on these 


and other timing relationships 
can be found in sections 


4.1, 4.4 and 4.6. 


The RESET line can be used to start the 8096 at an exact 
time to provide for synchronization 
of test equipment 
and 


multiple 
chip systems. 
Use of this feature 
is fully ex- 


plained under RESET, 
sections 2.15 and 4.1. 


The addressable 
memory 
space on the 8096 consists 
of 


64K bytes, 
most of which 
is available 
to the user for 


program 
or data memory. 
Locations 
which have special 


purposes are OOOOHthrough OOFFH and IFFEH through 
201OH. All other locations can be used for either program 
or data storage 
or for memory 
mapped 
peripherals. 
A 


memory map is shown in figure 2-5. 


2.3.1. 
Register File 


Locations 
OOH through 
OFFH contain 
the Register 
File 


and SFRs. Complete 
information 
on this section of mem- 


ory space can be found in section 2.4. No code ca!1 be 
executed 
from this internal RAM section. 
If an attempt 


to execute instructions 
from locations OOOHthrough OFFH 


is made, 
the instructions 
will be fetched 
from external 


memory. 
This section of external memory is reserved for 


use by Intel development 
tools. Execution 
of a nonmask- 


able interrupt 
(NMI) will force a call to external location 


EXTERNAL 
MEMORY 


OR 


VO 


INTERNAL 
PROGRAM 


STORAGE 
ROM 


FACTORY 
TEST 
CODE 


8 
INTERRUPT 
t 
VECTORS 
0 


PORT 
4 


PORT 
3 


EXTERNAL 
MEMORY 


OR 


VO 


INTERNAL 
RAM 


REGISTER 
FILE 
STACK 
POINTER 


SPECIAL 
FUNCTION 
REGISTERS 


(WHEN 
ACCESSED 
AS 
DATA MEMORY) 


OOOOH,therefore, 
the NMI instruction is also reserved for 


Intel development 
tools. 


2.3.2. 
Reserved Memory Spaces 


Locations 
IFFEH and IFFFH are reserved for Ports 3 and 


4 respectively. 
This is to allow easy reconstruction 
of these 
ports if external memory is used in the system. An example 
of reconstructing 
the 110 ports is given in section 4.6.7. 


If ports 3 and 4 are not going to be reconstructed 
then 
these locations can be treated as any other external mem- 
ory location. 


The 9 interrupt 
vectors 
are stored 
in locations 
2000H 
through 
2011H. 
The 9th vector 
is used by Intel devel- 
opment systems, 
as explained 
in section 2.5. Internal 10- 


cations 
2012H 
through 
207FH 
are reserved 
for Intel's 


factory test code. To ensure compatibility 
with future parts 


external locations 20 12H through 207FH must contain the 
hex value FFH. 


Resetting the 8096 causes instructions 
to be fetched start- 
ing from location 
2080H. 
This location 
was chosen 
to 


allow a system to have up to 8K of RAM continuous 
with 
the register file. Further information 
on reset can be found 
in section 2.15. 


2.3.3. 
Internal ROM 
When 
a ROM part is ordered, 
the internal 
memory 
lo- 
cations 
2080H through 
3FFFH are user specified 
as are 


the interrupt 
vectors in locations 
2000H through 2011H. 


EXTERNAL 
MEMORY 
RESERVED 


FOR USE BY INTEL 
DEVELOPMENT 


SYSTEMS 


(WHEN 
ACCESSED 
AS 
PROGRAM 


MEMORY) 


Instruction 
and data fetches from the internal ROM occur 


only if the part has a ROM, 
EA is tied high, 
and the 


address is between 2000H and 3FFFH. 
At all other times 
data is accessed 
from either the internal RAM space or 


external memory and instructions 
are fetched from exter- 


nal memory. 


2.3.4. 
Memory Controller 


The RALU talks to the memory (except for the locations 
in the register 
file and SFR space) through 
the memory 
controller 
which is connected 
to the RALU by the A-bus 
and several 
control 
lines. 
Since the A-bus is eight bits 
wide, 
the 
memory 
controller 
uses 
a Slave 
Program 


Counter to avoid having to always get the instruction 
lo- 
cation from the RALU. This slave PC is incremented 
after 


each fetch. When a jump or call occurs, the slave PC must 
be loaded from the A-bus before instruction 
fetches can 


continue. 


In addition to holding a slave PC, the memory controller 
contains 
a 3 byte queue 
to help speed execution. 
This 


queue is transparent 
to the RALU and to the user unless 
wait states 
are forced 
during 
external 
bus cycles. 
The 


instruction 
execution 
times shown in Tables 3-3 and 3-4 


show 
the normal 
execution 
times 
with 
no wait states 


added. Reloading 
the slave PC and fetching the first byte 


of the new instruction 
stream takes 4 state times. This is 


reflected in the jump taken/not-taken 
times shown in Table 


3-4. 


2.3.5. 
System Bus 
External memory is addressed through lines ADO through 
ADl5 which form a 16-bit multiplexed 
(address/data) 
data 


bus. These lines share pins with I/O ports 3 and 4. The 
falling edge of the Address 
Latch Enable (ALE) line is 


used to provide a clock to a transparent 
latch (74LS373) 


in order to demultiplex 
the bus. A typical circuit and the 


required 
timings 
are shown 
in section 
4.6. 
Since 
the 


8096's external memory can be addressed 
as either bytes 


or words, the decoding 
is controlled 
with two lines, Bus 


High Enable 
(BHE) 
and Addresss/Data 
Line 0 (ADO). 


The BHE line must be transparently 
latched, just as the 


addresses 
are. 


To avoid confusion during the explanation 
of the memory 


system it is reasonable to give names to the demultiplexed 
address/data 
signals. 
The address 
signals 
will be called 


MAO through 
MAl5 
(Memory 
Address), 
and the data 
signals 
will 
be called 
MDO through 
MDl5 
(Memory 


Data). 


---(ADDRESS! 
DATAOUT~------- 


When BHE is active (low), the memory connected 
to the 


high byte of the data bus should be selected. 
When MAO 


is low the memory connected 
to the low byte of the data 


bus should be selected. 
In this way accesses to a 16-bit 


wide memory 
can be to the low (even) byte only (MAO- 


=0, 
BHE= 
I), to the high (odd) byte only (MAO= I, 


BHE=O), 
or to both bytes (MAO=O, 
BHE=O). 
When 


a memory 
block is being used only for reads, BHE and 


MAO need not be decoded. 


Figure 2-6 shows the idealized 
waveforms 
related to the 


following 
description 
of external memory manipulations. 


For exact timing specifications 
please refer to the latest 


data sheet. When an external 
memory 
fetch begins, 
the 


address latch enable (ALE) line rises, the address is put 
on ADO-AD15 and BHE is set to the required state. ALE 
then falls, the address is taken off the pins, and the RD 
(Read) signal goes low. The READY 
line can be pulled 


low to hold the processor 
in this condition for a few extra 


state times. 


2.3.6. 
Bus Control Lines 


The READY line can be used to hold the processor in the 
above condition in order to allow access to slow memories 
or for DMA purposes. 
Sampling 
of the READY line oc- 


curs internally 
during Phase A, which is the signal that 


generates 
CLKOUT. 
There is a minimum 
time in which 


READY must be stable before CLKOUT goe~ low. If this 
set-up time is violated while the part is going to the not- 
ready state, the part may fail to operate predictably. 


Since READY 
is synchronized 
with CLKOUT, 
the 8096 


will be in a not-ready condition for a period equal to some 
multiple of CLKOUT, 
although the READY line can be 
brought high at any time .. There is a maximum 
time for 


holding the 8096 in the not-ready 
condition, 
typically on 


the order of 1 p..S. The exact time is specified in the data 
sheet for the particular part and temperature 
range desired. 


The data from the external 
memory 
must be on the bus 
and stable 
for a minimum 
of the specified 
set-up time 


before 
the rising 
edge of RD. The rising edge of RD 


latches the information 
into the 8096. If the read is for 


data, the INST pin will be low when the address is valid, 
if it is for an instruction 
the INST pin will be high during 
this time. The 48-lead part does not have the INST pin. 


Writing to external memory requires timings that are sim- 
ilar to those 
required 
when reading 
from it. The main 


difference 
is that the write (WR) signal is used instead of 


the RD signal. The timings are the same until the falling 
edge of the WR line. At this point the 8096 removes the 
address and places the data on the bus. The READY 
line 


must be held in the desired state at that time as described 
above. 
When the WR line goes high the data should be 


latched to the external memory. INST is always low during 
a write, as instructions cannot be written. The exact timing 
specifications 
for memory 
accesses 
can be found in the 


data sheet. 


OFFH 
255 


POWER·DOWN 


RAM 


OFOH 
240 


OEFH 
239 


INTERNAL 


REGISTER 
FILE 


1AHT 


(RAM) 


I6 


STACK 
POINTER 


IOS1 


10SO 


RESERVED 


SP_STAT 


10 PORT 
2 


10 PORT 
1 


10 PORTO 


TIMER2 
(HI) 


TIMER2 
(LO) 


TIMER1 
(HI) 


TIMER1 
(LO) 


INT_PENDING 


INT_MASK 


SBUF 
(RX) 


HSLSTATUS 


HSLTIME 
(HI) 


HSLTIME 
(LO) 


AD_RESULT 
(HI) 


AD_RESULT 
(LO) 


RO (HI) 


RO (LO) 


STACK 
POINTER 


PWM_CONTROL 


IOC1 


lOCO 


RESERVED 


SP_CON 


10 PORT 
2 


10 PORT 
1 


BAUD_RATE 


RESERVED 


WATCHDOG 


INT_PENDING 


INT_MASK 


SBUF 
(TX) 


HSO_COMMAND 


HSO_TIME 
(HI) 


HSO_TIME 
(LO) 


HSLMODE 


AD_COMMAND 


RO (HI) 


RO (LO) 


2.4. 
RAM SPACE 
The internal register locations on the 8096 are divided into 
two groups, 
a register 
file and a set of Special Function 


Registers (SFRs). The RALU can operate on any of these 
256 internal 
register 
locations. 
Locations 
OOH through 


I7H are used to access the SFRs. Locations 
18H and 19H 


contain the stack pointer. 
The stack pointer must be ini- 


tialized by the user program 
and can point anywhere 
in 


the 64K memory space. The stack builds down. There are 
no restrictions 
on the use of the remaining 
230 locations 


except that code cannot be executed 
from them. 
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All of the 110 on the 8096 is controlled through the SFRs. 
Many of these registers 
serve two functions; 
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shows the locations and names of these registers. 
A sum- 


mary of the capabilities 
of each of these registers is shown 


Register 
Description 
Chapter 


RO 
Zero Register - 
Always reads as a zero, useful for a base when 
3.2.7 
indexing and as a constant for calculations 
and compares. 


AD_RESULT 
NO Result Hi/Low - 
Low and high order Results of the NO 
2.9.3 
converter 
(byte read only) 


AD_COMMAND 
NO Command 
Register - 
Controls the NO 
2.9.2 


HSI_MODE 
HSI Mode Register - 
Sets the mode of the High Speed Input unit. 
2.7.1 


HSI_ 
TIME 
HSI Time HilLo - 
Contains the time at which the High Speed Input 
2.7.4 
unit was triggered. 
(word read only) 


HSO_ 
TIME 
HSO Time HilLo - 
Sets the time for the High Speed Output to 
2.8.3 


execute the command 
in the Command 
Register. 
(word write only) 


HSO _ COMMAND 
HSO Command 
Register - 
Determines 
what will happen at the time 
2.8.2 
loaded into the HSO Time registers. 


HSI_STATUS 
HSI Status Registers - 
Indicates which HSI pins were detected at the 
2.7.4 
time in the HSI Time registers. 


SBUF (TX) 
Transmit 
buffer for the serial port, holds contents to be outputed. 
2.11 


SBUF (RX) 
, 
Receive buffer for the serial port, holds the byte just received by the 
2.11 


serial port. 


INT _MASK 
Interrupt Mask Register - 
Enables or disables the individual 
2.5.2 
interrupts. 
3.6.2 


INT _ PENDING 
Interrupt 
Pending Register - 
Indicates when an interrupt signal has 
2.5.2 
occurred on one of the sources. 
3.6.2 


WATCHDOG 
Watchdog 
Timer Register - 
Written to periodically 
to hold off 
2.14 


automatic 
reset every 64K state times. 


TIMER I 
Timer 
I HilLo - 
Timer 
I high and low bytes. (word read only) 
2.6.1 
2.7-8 


TIMER2 
Timer 2 Hi/Lo - 
Timer 2 high and low bytes. (word read only) 
2.6.2 
2.7-8 


10PORTO 
Port 0 Register - 
Levels on pins of port O. 
2.12.1 


BAUD_RATE 
Register which contains the baud rate, this register is loaded 
2.11.4 
sequentially. 


10PORTI 
Port I Register - 
Used to read or write to Port I. 
2.12.2 


10PORT2 
Port 2 Register - 
Used to read or write to Port 2. 
2.12.3 


SP_STAT 
Serial Port Status - 
Indicates the status of the serial port. 
2.11.3 


SP_CON 
Serial port control - 
Used to set the mode of the serial port. 
2.11.1 


10SO 
I/O Status Register 0 - 
Contains information 
on the HSO status. 
2.13.4 


10SI 
110 Status Register 
I - 
Contains information 
on the status of the 
2.13.5 
timers and of the HSI. 
3.7.2 


lOCO 
110 Control Register 0 - 
Controls alternate functions of HSI pins, 
2.13.2 


Timer 2 reset sources and Timer 2 clock sources. 


lOCI 
110 Control Register 
I - 
Controls alternate functions of Port 2 pins, 
2.13.3 
timer interrupts 
and HSI interrupts. 


PWM _ CONTROL 
Pulse Width Modulation 
Control Register - 
Sets the duration of the 
2.10 


PWM pulse. 
4.3.2 
OPORT2 
Port 2 Register - 
Used to read or write to Port 2. 
2.12.3 


in Figure 2-8, with complete descriptions reserved for later 
chapters. 
Note that these registers 
can be accessed 
only 
as bytes unless otherwise 
indicated. 


Within the SFR space are several registers labeled as "RE- 
SERVED". 
These 
registers 
are reserved 
for future ex- 


pansion or test purposes. 
Reads or writes of these registers 
may produce unexpected 
results. 
For example, 
writing to 
location OOOCHwill set both timers to OFFFXH, this fea- 
ture is for use in testing the part and should not be used 
in programs. 


2.4.2. 
Power Down 
The upper 
16 RAM locations 
(OFOH through OFFH) re- 
ceive their power from both the VCC pin and the VPD 
pin. If it is desired to keep the memory in these locations 
alive during a power down situation, 
one need only keep 


voltage on the VPD pin. The current required to keep the 
RAM alive is approximately 
I milliamp (refer to the data 
sheet for the exact specification). 


To place the 8096 into a power down mode, the RESET 
pin is pulled low. Two state times later the part will be 
in reset. This is necessary to prevent the part from writing 
into RAM as the power goes down. The power may now 
be removed from the VCC pin, the VPD pin must remain 
within 
specifications. 
The 8096 can remain in this state 
for any amount of time and the 16 RAM bytes will retain 
their values. 


cycles be used. Suggestions 
for actual hardware 
connec- 


tions are given in section 4.1. Reset is discussed in section 
2.15. 


2.5.1. 
Interrupt 
Sources 


Eight interrupt 
sources are available 
on the 8096. When 
enabled, 
an interrupt 
occurring 
on any of these sources 
will force a call to the location stored in the vector location 
for that source. The interrupt sources and their respective 
vector locations 
are listed in Figure 2-10. In addition to 
the 8 standard 
interrupts, 
there 
is a TRAP 
instruction 
which acts as a software generated interrupt. This instruc- 
tion is not currently 
supported by the MCS-96 Assembler 
and is reserved 
for use by Intel development 
systems. 
Many of the interrupt sources can be activated by several 
methods, 
Figure 2-11 shows all of the possible 
sources 
for interrupts. 


Source 
Vector Location 
Priority 


(High 
(Low 
Byte) 
Byte) 


Software 
20llH 
20lOH 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 
Software Timers 
200BH 
200AH 
5 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 
Outputs 


HSI Data 
2005H 
2004H 
2 
Available 
ND Conversion 
2003H 
2002H 
I 
Complete 


Timer Overflow 
200lH 
2000H 
o (Lowest) 


To bring the 8096 out of power down, 
RESET 
is held 
low while VCC is applied. 
Two state times after the os- 


cillator 
and the back bias generator 
have stabilized (-I 


millisecond), 
the RESET pin can be pulled high. The 8096 


will begin to execute 
code at location 02080H 
10 state 
times 
after RESET 
is pulled 
high. 
Figure 
2-9 shows a 
timing diagram 
of the power down sequence. 
To ensure 
that the 2 state time minimum 
reset time (synchronous 
with CLKOUT) 
is met, it is recommended 
that 10 XTALI 
Figure 2-10. Interrupt 
Vector Locations 
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2.5.2. 
Interrupt 
Control 


A block diagram of the interrupt system is shown in Figure 
2-12. Each of the interrupt 
sources is tested for a 0 to I 


transition. 
If this transition 
occurs, 
the corresponding 
bit 


in the Interrupt 
Pending 
Register, 
located 
at 0009H, 
is 
set. The bit is cleared 
when the vector is taken to the 
interrupt 
routine. 
Since this register can be written to, it 


is possible 
to generate 
software 
interrupts 
by selling bits 
within the register, or remove pending interrupts by clear- 
ing the bits in this register. 
The pending register can be 


set even if the interrupt 
is disabled. 


Caution must be used when writing to the pending register 
to clear interrupts. 
If the interrupt 
has already been ac- 


knowledged 
when the bit is cleared, 
a 4 state time "par- 
tial" 
interrupt cycle will occur. This is because the 8096 


will have to fetch the next instruction 
of the normal in- 


struction 
/low, 
instead 
of proceeding 
with the interrupt 
processing 
as it was going to. The effect on the program 


will be essentially 
that of an extra 
NOP. 
This can be 


prevented by clearing the bits using a 2 operand immediate 
logical, 
as the 8096 holds off acknowledging 
interrupts 


during these "read/modify/write" 
instructions. 


Enabling 
and disabling 
of individual 
interrupts 
is done 


through the Interrupt Mask Register, 
located at 0008H. If 


the bit in the mask register 
is a I then the interrupt 
is 


enabled, 
otherwise 
it is disabled. 
Even if an interrupt 
is 


masked 
it may still become pending. 
It may, therefore, 


be desirable to clear the pending bit before unmasking 
an 


interrupt. 


The Interrupt 
Mask Register 
is also the low byte of the 


PSW. All of the interrupts 
may be enabled and disabled 


simultaneously 
by using the "EI" 
(Enable Interrupt) and 
"DI" 
(Disable Interrupt) 
instructions. 
EI and DI set and 
clear PSW.9, 
the interrupt 
enable bit, they do not effect 


the contents of the mask register. 


2.5.3. 
Interrupt 
Priority Programming 
The priority 
encoder 
looks at all of the interrupts 
which 


are both pending and enabled, 
and selects the one with 


the highest 
priority. 
The priorities 
are shown in Figure 


2-10 (7 is highest, 
0 is lowest.) 
The interrupt 
generator 


then forces a call to the location 
in the indicated 
vector 


location. 
This location 
would be the starting location of 


the Interrupt 
Service Routine (ISR). 
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At least one instruction in the ISR will always be executed 
before 
another 
interrupt 
can be acknowledged. 
Usually 


this instruction 
is "01" 
or "PUSHF" 
(push flags). The 


PUSHF 
instruction 
pushes 
the PSW onto the stack and 


then clears it. 


Clearing the PSW disables all interrupts in two ways; by 
clearing PSW. 9, the interrupt enable bit and because the 
Interrupt 
Mask Register is located in bits 0 through 7 of 


the PSW. The interrupts 
which should 
be permitted 
to 
interrupt this ISR can then be set in the mask register and 
an "EI" 
instruction 
executed. 


By selectively 
determining 
which interrupts 
are enabled 
or disabled 
within which interrupt 
service routines, 
it is 


possible to configure the interrupt system in any way one 
would desire. 
More information 
on programming 
the in- 
terrupts can be found under software programming 
of in- 
terrupts, 
section 3.6. 


The last two instructions in an ISR are normally a "POPF" 
(pop flags), which restores the PSW and, therefore, 
the 
interrupt 
mask register, 
followed 
by a 'RET', 
which re- 
stores the Program Counter. Execution 
will then continue 
from the point at which the call was forced. 


2.5.4. 
Interrupt Timing 
Interrupts 
are not always acknowledged 
immediately. 
If 


the interrupt 
signal does not occur prior to 4 state-times 


before the end of an instruction, 
the interrupt will not be 


acknowledged 
until after the next instruction 
has been 


executed. 
This is because 
an instruction 
is fetched 
and 
prepared 
for execution 
a few state times before it is ac- 
tually executed. 


There are 6 instructions 
which always inhibit interrupts 


from being acknowledged 
until after the next instruction 
has been executed. 
These instructions 
are: 


EI, DI 
- 
Enable and Disable Interrupts 
POPF, PUSHF - 
Pop and Push Flags 


SIGND 
- 
Prefix to perform signed multiply 
and divide (Note that this is not an 
ASM-96 
Mnemonic, 
but is used for 


signed multiply and divide) 
TRAP 
- 
Software 
interrupt 


When an interrupt is acknowledged, 
a call is forced to the 
location 
indicated 
by the specified interrupt 
vector. This 


call occurs after the completion 
of the instruction 
in pro- 


cess, except as noted above. The procedure of getting the 
vector and forcing the call requires 21 state times. If the 
stack is in external 
RAM an additional 
3 state times are 
required. 


The maximum 
number 
of state times required 
from the 
time an interrupt 
is generated 
(not acknowledged) 
until 


the 8096 begins executing 
code at the desired location is 
the time of the longest instruction, 
NORML 
(Normalize 


- 
43 state times), plus the 4 state times prior to the end 


of the previous 
instruction, 
plus the response time (21 to 


24 state times). 
Therefore, 
the maximum 
response 
time 


is 71 (43 + 4 + 24) state times. This does not include the 
12 state times required for PUSHF if it is used as the first 
instruction 
in the interrupt 
routine 
or additional 
latency 


caused by having the interrupt 
masked or disabled. 


Interrupt 
latency time can be reduced by careful selection 


of instructions 
in areas of code where interrupts 
are ex- 
pected. 
Using 
'EI' 
followed 
immediately 
by a long in- 


struction 
(e.g. 
MUL, 
NORML, 
etc.) 
will increase 
the 


maximum 
latency by 4 state times, as an interrupt cannot 


occur between 
EI and the instruction 
following 
EI. The 


"DI", 
"PUSHF", 
"POPF" 
and "TRAP" 
instructions 


will also cause the same situation. 
Typically the PUSHF, 
POPF and TRAP 
instructions 
would only effect latency 


when one interrupt routine is already in process, 
as these 


instructions 
are seldom used at other times. 


Two 16-bit timers are available for use on the 8096. The 
first is designated 
"Timer 
I", 
the second, 
"Timer 
2". 
Timer 
I is used to synchronize 
events to real time, while 
Timer 2 can be clocked externally and synchronizes events 
to external occurences. 


2.6.1. 
Timer 1 
Timer 
I is clocked once every eight state times and can 
be cleared only by executing 
a reset. The only other way 


to change 
its value is by writing to OOOCHbut this is a 
test mode which sets both timers to OFFFXH and should 
not be used in programs. 


2.6.2. 
Timer 2 
Timer 2 can be incremented 
by transitions (one count each 
transition, 
rising and falling) on either T2CLK or HSI.I. 


The multiple 
functionality 
of the timer is determined 
by 


the state of I/O Control 
Register 
0, bit 7 (IOCO.7). 
To 


ensure 
that all CAM entries 
are checked 
each count of 
Timer 2, the maximum 
transition speed is limited to once 
per eight state times. Timer 2 can be cleared by: executing 
a reset, 
by setting 
lOCO. I , by triggering 
HSO channel 
OEH, or by pulling T2RST or HSI.O high. The HSO and 


CAM are described 
in section 
2.8. IOCO.3 and IOCO.5 
control 
the resetting 
of Timer 2. Figure 2-13 shows the 


different 
ways of manipulating 
Timer 2. 


2.6.3. 
Timer Interrupts 
Both Timer 
I and Timer 2 can be used to trigger a timer 


overflow interrupt and set a flag in the I/O Status Register 
I (lOSI). 
The interrupts 
are controlled 
by IOCI.2 
and 
IOCI.3 
respectively. 
The flags are set in IOSI.5 
and 
10S 1.4, respectively. 


Caution 
must be used when examining 
the flags, as any 


access 
(including 
Compare 
and Jump on Bit) of 10SI 
clears the whole byte, including the software timer flags. 
It is, therefore, 
recommended 
to write the byte to a tem- 
porary register 
before testing bits. The general enabling 


and disabling of the timer interrupts are controlled by the 
Interrupt 
Mask Register 
bit O. In all cases, setting a bit 
enables a function, 
while clearing a bit disables it. 
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2.6.4. Timer Related sections 
The High Speed I/O unit is coupled to the timers in that 
the HsI 
records 
the value on Timer 
I when transitions 
occur and the HsO 
causes transitions 
to occur based on 


values of either Timer 
I or Timer 2. The Baud rate gen- 


erator can use the T2CLK pin as inp\lt to its counter. 
A 


complete listing of the functions ofIOs 
I , lOCO, and 10C I 


are in section 2.13. 


The High Speed Input Unit (Hsl), 
can be used to record 


the time at which an event occurs with respect to Timer 
I. There are 4 lines (HsI.O through Hs1.3) which can be 
used in this mode and up to a total of 8 events can be 
recorded. 
HsI.2 
and HsI.3 
share pins with HsO.4 
and 


HsO.5. 
The I/O Control Registers 
(lOCO and lOCI) 
are 


used to determine 
the functions 
of these pins. 
A block 


diagram 
of the HsI unit is shown in Figure 2-14. 


2.7.1. HSI Modes 
There are 4 possible 
modes of operation 
for each of the 


Hsl. 
The HsI mode register is used to control which pins 


will look for what type of events. The 8-bit register is set 
up as shown in Figure 2-15. 
High and low levels each need to be held for at least I 
state time to ensure proper operation. 
The maximum input 


speed is 1 event every 8 state times except when the 8 
transition 
mode is used, 
in which case it is I transition 


per state time. 


HSI.O MODE 


HSI.1 
MODE 


HSI.2 
MODE 


HSI.3 
MODE 


00 
8 POSITIVE 
TRANSITIONS 


01 
EACH 
POSITIVE 
TRANSITION 


10 
EACH 
NEGATIVE 
TRANSITION 


11 
EVERY 
TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


The HsI 
lines can be individually 
enabled 
and disabled 
using bits in lOCO, at location OOISH. Figure 2-16 shows 
the bit locations 
which control the HsI pins. If the pin is 
disabled, 
transitions 
will not be entered in the FIFO. 
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_ 
~ 
•• ------- 
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2.7.2. HSI FIFO 
When an HSI event occurs, 
a 7x20 FIFO stores the 16 
bits of Timer 
I and the 4 bits indicating 
the state of the 


4 HSI lines at the time the status is read. It can take up 
to 8 state times for this information 
to reach the holding 
register. 
When the FIFO is full, one additional event can 
be stored by considering 
the holding register part of the 


FIFO. 
If the FIFO and holding register 
are full any ad- 
ditional events will not be recorded. 


2.7.3. HSllnterrupts 
Interrupts 
can be generated 
from the HSI unit in one of 


two ways, determined 
by IOC!.7. 
If the bit is a 0, then 


an interrupt will be generated every time a value is loaded 
into the holding register. If it is a I, an interrupt will only 
be generated 
when the FIFO, (independent 
of the holding 


register), 
has six entries in it. Since all interrupts are rising 


edge triggered, 
if IOC!.7 = I, the processor 
will not be 


re-interrupted 
until the FIFO first contains 
5 or less rec- 


ords, 
then 
contains 
six 
or 
more. 
Interrupts 
can 
also 
be generated 
by pin HSI.O, which has its own interrupt 
vector. 


2.7.4. HSI Status 
Bits 6 and 7 of the 110 Status register 
I (IOS I) indicate 


the status 
of the HSI FIFO. 
If bit 6 is a I, the FIFO 


contains 
at least six entries. 
If bit 7 is a I, the FIFO 


contains at least I entry and the holding register has been 
loaded. The FIFO may be read after verifying that it con- 
tains valid data. Caution 
must be used when reading or 
testing bits in 10S I, as this action clears the entire byte, 
including the software and hardware timer overflow flags. 
It is best to store the byte and then test the stored value. 
See Section 3.7.2. 


register is read to obtain the current state of the HSI pins 
and which pins had changed 
at the recorded 
time. 
The 


format of the HSI _ STATUS Register is shown in Figure 
2-17. Second, the HSI Time register is read. Reading the 
Time register 
unloads 
one word of the FIFO, 
so if the 


Time register is read before the Status register, 
the infor- 


mation in the Status register will be lost. The HSI Status 
register is at location 06H and the HSI Time registers are 
in locations 04H and 05H. 


If the HSI _ TIME and Status register 
are read without 


the holding register being loaded, the values read will be 
undeterminate. 


It should be noted that many of the Status register con- 
ditions 
are changed 
by a reset, 
see section 
2.15.2. 
A 


complete listing of the functions of 10SO, 10S I, and lOCI 
can be found in section 2.13. 


The High 
Speed 
Output 
unit (HSO) 
is used to trigger 


events 
at specific 
times 
with minimal 
CPU overhead. 


These events include: starting an A to D conversion, 
re- 


setting Timer 2, setting 4 software 
flags, and switching 


up to 6 output lines. Interrupts can be generated whenever 
one of these events is triggered. 
Up to 8 events can be 


pending 
at anyone 
time. 


2.8.1. HSIO Shared Pins 
Two of the 6 output 
lines (HSO.O through 
HSO.5) 
are 


shared with the High Speed Input (HSI) lines. HSO.4 and 
HSO.5 
are shared 
with HSI.2 
and HSI.3, 
respectively. 


Bits 4 and 6 of the 110 Control Register I (IOC I) are used 
to enable HSO.4 
and HSO.5 
as outputs. 


2.8.2. HSIO CAM 
A block diagram 
of the HSO unit is shown in Figure 2- 


18. The Content 
Addressable 
Memory 
(CAM) file is the 


center of control. 
One CAM register is compared 
with a 


time value every state time. 
Therefore, 
it takes 8 state 


times to compare 
all CAM registers with a timer. 


HSI.O STATUS 


HSI.1 
STATUS 


HSl.2 
STATUS 


HSl.3 
STATUS 


WHERE 
FOR 
EACH 
2·BIT 
STATUS 
FIELD 
THE LOWER 


BIT INDICATES 
WHETHER 
OR NOT AN EVENT HAS 0c- 


CURRED 
ON THIS PIN AND THE UPPER 
BIT INDICATES 
THE CURRENT 
STATUS 
OF THE PIN. 


HIGH SPEED 
OUTPUT 
CONTROLS 


6 PINS 


4 SOFTWARE 
TIMERS 


2 INTERRUPTS 


INITIATE 
AID CONVERSION 


RESET 
TIMER 
2 


Each CAM register 
is 23 bits wide. Sixteen bits specify 
the time at which the action is to be carried out and 7 bits 
specify both the nature of the action and whether Timer 
1 or Timer 2 is the reference. 
The format of the command 


to the HSO unit is shown in Figure 2-19. 


To enter a command 
into the CAM file, write the 7-bit 


"Command 
Tag" 
into location 
0006H followed 
by the 


time at which the action is to be carried out into word 
address 
0004H. 
Writing 
the time value loads the HSO 


Holding 
Register 
with both the time and the last written 


command 
tag. The command 
does not actually enter the 
CAM file until an empty CAM register becomes available. 
It can take up to 8 state times for a command to enter the 
CAM. 
For this reason, 
if Timer 
I is being used as the 


reference, 
the minimum 
time that can be loaded is Timer 


I + I. A similar restriction 
applies if Timer 2 is used as 
the reference. 


Care must be taken when writing 
the command 
tag for 


the HSO. If an interrupt occurs during the time between 
writing the command 
tag and loading the time value, and 


the interrupt 
service routine writes to the HSO time reg- 


ister, the command 
tag used in the interrupt 
routine will 


be written to the CAM at both the time specified by the 
interrupt routine and the time specified by the main pro- 
gram. The command 
tag from the main program will not 


be executed. 
One way of avoiding this problem would be 


to disable 
interrupts 
when writing commands 
and times 


to the HSO unit. See also Section 3.7.3. 


0-5 
HSO.O - HSO.5 


6 
HSO.O AND 
HSO.1 


7 
HSO.2 
ANO 
HSO.3 


8-8 
SOFTWARE 
TIMERS 


E 
RESET 
TIMER 
2 


F 
START 
AID CONVERSION 


INTERRUPT/NO 
INTERRUPT 


SET/CLEAR 


TIMER 
2/TIMER 
1 


2.8.3. 
HSO Status 
Before writing to the HSO, 
it is desirable 
to ensure that 
the Holding 
Register 
is empty. 
If it is not, writing to the 
HSO will overwrite 
the value in the Holding 
Register. 


VO Status 
Register 
0 (IOSO) bits 6 and 7 indicate 
the 


status of the HSO unit. This register is described in section 
2.13.4. 
If IOSO.6 equals 0, the holding register is empty 


and at least one CAM register is empty. If IOSO.7 equals 
0, the holding register is empty. 


One location in the CAM file is checked each state-time. 
Thus, 
it takes 8 state-times 
for the Holding 
Register 
to 
have had access to all 8 CAM registers. 
Similarly, 
it takes 


8 state-times 
for the comparator 
to have had access to all 


8 CAM registers. 
This defines the time-resolution 
of the 
HSO unit to be 8 state-times 
(2.0 /Lsec, if the oscillator 


frequency 
is 12 MHz). Note that the comparator 
does not 
look at the holding register, 
so instructions 
in the holding 
register do not execute. 


2.8.4. 
Clearing The HSO 


All 8 CAM 
locations 
of the HSO are compared 
before 


any action is taken. This allows a pending external event 
to be cancelled 
by simply writing the opposite 
event to 
the CAM. However, 
once an entry is placed in the CAM, 
it cannot 
be removed 
until 
either 
the 
specified 
timer 
matches 
the written 
value or the chip is reset. 
Internal 


events 
are not synchronized 
to Timer 
I, and therefore 


cannot be cleared. 
This includes events on HSO channels 


8 through 
F and all interrupts. 
Since interrupts 
are not 


synchronized 
it is possible 
to have multiple 
interrupts at 


the same time value. 


2.8.5. 
Using Timer 2 With The HSO 
Timer 
1 is incremented 
only once every 
8 state-times. 
When it is being used as the reference 
timer for an HSO 
action, the comparator 
has a chance to look at all 8 CAM 


registers before Timer 1 changes its value. Following 
the 


same reasoning, 
Timer 2 has been synchronized 
to allow 


it to change at a maximum 
rate of once per 8 state-times. 


Timer 2 increments 
on both edges of the input signal. 


When using Timer 2 as the HSO reference, 
caution must 
be taken that Timer 2 is not reset prior to the highest value 
for a Timer 
2 match 
in the CAM. 
This is because 
the 
HSO CAM will hold an event pending until a time match 
occurs, if that match is to a time value on Timer 2 which 
is never reached, 
the event 
will remain 
pending 
in the 
CAM until the part is reset. 


Additional 
caution 
must be used when Timer 2 is being 
reset using the HSO unit, since resetting 
Timer 2 using 


the HSO is an internal event and can therefore happen at 
any time within the eight-state-time 
window. For this rea- 


son, any events scheduled 
to occur at the same time as a 
Timer 2 reset should be logged into the CAM with a Timer 
2 value of zero. When using this method to make a pro- 
grammable 
modulo 
counter, 
the count 
will stay at the 
maximum Timer 2 value only until the Reset T2 command 
is recognized. 
The count will stay at zero for the transition 
which would have changed 
the count from "N" 
to zero, 
and then change to a one on the next transition. 


2.8.6. 
Software Timers 
The HSO can be programmed 
to generate 
interrupts 
at 
preset times. Up to four such "Software 
Timers" 
can be 


in operation 
at a time. 
As each preprogrammed 
time is 


reached, 
the HSO unit sets a Software Timer Flag. If the 


interrupt bit in the command 
tag was set then a Software 


Timer Interrupt will also be generated. 
The interrupt ser- 
vice routine can then examine I/O Status register I (IOS I) 
to determine 
which software timer expired and caused the 


interrupt. 
When the HSO resets Timer 2 or starts an A to 


o conversion, 
it can also be programmed 
to generate 
a 


software timer interrupt but there is no flag to indicate that 
this has occurred. 
See also Section 3.7.4. 


If more than one software 
timer interrupt 
occurs in the 


same time frame it is possible that multiple software timer 
interrupts 
will be generated. 


Each read or test of any bit in IOS I will clear the whole 
byte. Be certain to save the byte before testing it unless 
you are only concerned 
with I bit. See also Section 3.2.2. 


A complete 
listing of the functions 
of IOSO, IOSI, 
and 


lOCI 
can be found in section 2.13. 
The Timers are de- 


scribed in section 2.6 and the HSI is described in section 
2.7. 


The A to 0 converter on the 8096 provides a IO-bit result 
on one of 8 input channels. 
Conversion 
is done using 


successive 
approximation 
with a result equal to the ratio 


of the input voltage divided by the analog supply voltage. 
If the ratio is 1.00, then the result will be all ones. The 
AID converter 
is available 
on the 8097, 8397, 8095 and 


8395 members 
of the MCS<lP-96family. 


2.9.1. 
AID Accuracy 
Each 
conversion 
requires 
168 state-times 
(42/LS 
at 12 


MHz) 
independent 
of the accuracy 
desired 
or value of 


input voltage. 
The input voltage must be in the range of 


o to VREF, the analog reference 
and supply voltage. For 


proper operation, 
VREF (the reference voltage and analog 


power 
supply) 
must 
be 
held 
at VCC 
± 
0.3V 
with 
VREF=5.0±0.5V. 
The NO result is calculated from the 


formula: 


It can be seen from this formula that changes in VREF or 
ANGNO 
effect the output of the converter. 
This can be 


advantageous 
if a ratiometric 
sensor is used since these 


sensors 
have an output 
that can be measured 
as a pro- 


portion of VREF. 


If high absolute accuracy is needed it may be desirable to 
use a separate power supply, or power traces, to operate 
the NO 
converter. 
There is no sample and hold circuit 


internal 
to the chip, 
so the input voltage 
must be held 


constant for the entire 168 state times. Examples of con- 
necting the NO converter 
to various devices are given in 


section 4.3. 


AID COMMAND 
REGISTER 


(LOCATION 
02H) 


3 
GO 
CH# 


~ 


CHANNEL 
# SELECTS 
WHICH 
OF THE 8 ANALOG 
INPUT 


CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN 
THE CONVERSION 
IS TO BE 


INITIATED 
(GO = 1 MEANS 
START 
NOW, 
GO = 0 


MEANS 
THE CONVERSION 
IS TO BE INITIATED 


BY THE 
HSO 
UNIT AT A SPECIFIED 
TIME). 


2.9.2. 
AID Commands 


Analog signals can be sampled by anyone 
of the 8 analog 
input pins (ACHO through ACH7) which are shared with 
Port O. ACH7 can also be used as an external interrupt if 
IOCI.l 
is set (see section 2.5). The AID Command 
Reg- 


ister, at location 02H, selects which channel is to be con- 
verted and whether 
the conversion 
should star1 immedi- 
ately or when the HSO (Channel #OFH) triggers it. A to 
D commands 
are formatted 
as shown in Figure 2-20. 


The command 
register is double buffered so it is possible 


to write a command 
to star1 a conversion 
triggered by the 


HSO while one is still in progress. 
Care must be taken 


when this is done since if a new conversion 
is star1ed 


while one is already in progress, the conversion in progress 
is cancelled and the new one is star1ed. When a conversion 
is star1ed, the result register is cleared. For this reason the 
result register 
must be read before a new conversion 
is 
star1ed or data will be lost. 


2.9.3. 
AID Results 


Results of the analog conversions 
are read from the AID 


Result Register at locations 02H and 03H. Although these 
addresses 
are on a word boundary, 
they must be read as 


individual 
bytes. 
Information 
in the AID Result register 
is formatted 
as shown in Figure 2-21. Note that the status 


bit may not be set until 8 state times after the go command. 
Information 
on using the HSO is in section 2.8. 


2.10. 
PULSE WIDTH MODULATION 
OUT- 
PUT (D/A) 
Digital to analog conversion 
can be done with the pulse 


width modulation 
output; 
a block diagram 
of the circuit 


is shown in Figure 2-22. The 8-bit counter is incremented 
every state time. When it equals 0, the PWM output is 
set to a one. When the counter 
matches the value in the 


PWM 
register, 
the output 
is switched 
low. 
When 
the 


counter overflows, 
the output is once again switched high. 


A typical output waveform is shown in Figure 2-23. Note 
that when the PWM register equals 00, the output is always 
low. 


The output waveform 
is a variable duty cycle pulse which 
repeats every 256 state times (64 JLS at 12MHz). Changes 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 


1 = CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIFICANT 
2 BITS 


MOST 
SIGNIFICANT 
BYTE 


STATE 
TIME 
CLOCK 


(F(XTAL 1)/3) 


in the duty cycle are made by writing to the PWM register 
at location 
17H. There are several types of motors which 
require 
a PWM 
waveform 
for most efficient 
operation. 


Additionally, 
if this waveform is integrated it will produce 


a DC level which can be changed in 256 steps by varying 
the duty cycle. 


Details about the hardware 
required for smooth, 
accurate 
D/A conversion 
can be found in section 4.3.2. 
Typically, 


PWM 
CONTROL 


REGISTER 
VALUE 


00 
HI 


LO 


25 
~~J1 


t28 
HI 


LO 


230 
HI .J 
LO 


some form of buffer and integrator 
are needed to obtain 


the most usefulness 
from this feature. 


The PWM output shares a pin with Port 2, pin 5 so that 
these two features cannot be used at the same time. IOC 1.0 
equal to I selects the PWM function instead of the standard 
port function. 
More 
information 
on lOCI 
is in section 
2.13.3. 


The serial port is compatible 
with the MCS-5l 
serial port. 
It is full duplex, 
meaning 
it can transmit 
and receive si- 


multaneously. 
It is also receive-buffered, 
meaning 
it can 


commence 
reception 
of a second byte before a previously 


received byte has been read from the receive register. The 
serial port registers (SBUF) are both accessed at location 
07H. A write to this location accesses the transmit register, 
and a read accesses a physically 
separate receive register. 


The serial port can operate in 4 modes (explained below). 
Selection 
of these modes is done through the Serial Port 


Status/Control 
register at location 
llH, 
shown in Figure 


2-27. 


MODE 0 
Mode 0 is a shift register mode. The 8096 outputs a train 
of 8 shift pulses to an external 
shift register 
to clock 8 


bits of data into or out of the register from or to the 8096. 
Serial data enters and exits the 8096 through RXD. TXD 
outputs the shift clock. 8 bits are transmitted 
or received, 


LSB first. A timing diagram 
of this mode is shown in 
Figure 2-24. This mode is useful as an I/O expander 
in 
which application 
external 
shift registers 
can be used as 


additional parallel I/O ports. An example of using the port 
in this mode is given in section 4.5. 


Il-BITS 
OF DATA 


PROGRAMMABLE 
9TH BIT 


11-BIT 
FRAME 


MODE 
1 


lO-bit frames are transmitted 
through TXD, and received 


through RXD: a start bit (0), 8 data bits (LSB first), and 
a stop bit (I). 
If PEN 
= I then an even parity bit is 


transmitted 
instead 
of the eighth data bit. This mode is 


the one commonly used for CRT terminals. The data frame 
for Mode I is shown in Figure 2-25. 


MODE 2 
I I-bit frames are transmitted 
through TXD and received 


through 
RXD: a start bit (0), 8 data bits (LSB first), a 


programmable 
9th data bit, and a stop bit (I). On transmit, 


the 9th data bit can be assigned the value of 0 or I using 
the TB8 bit. This bit is cleared on each transmission. 
On 


receive, 
the serial port interrupt is not activated unless the 


received 9th data bit is I. Parity cannot be enabled in this 
mode. This mode is commonly 
used along with mode 3 


in a multiprocessor 
environment. 


MODE 3 
II-bit 
frames are transmitted 
through TXD and received 


through 
RXD: a start bit (0), 8 data bits (LSB first), a 


programmable 
9th data bit, and a stop bit (I). On transmit, 


the 9th data bit can be assigned the value of 0 or I using 
the TB8 bit. If PEN 
= I the 9th bit will be parity. 
On 
receive, 
the received 
9th data bit is stored and the serial 
port interrupt is activatelj regardless of its value. The data 
frame for Modes 2 and 3 is shown in Figure 2-26. 


2.11.2. 
Multiprocessor 
Communications 
Mode 2 and 3 are provided 
for multiprocessor 
commu- 
nications. 
In mode 2 if the received 9th data bit is not 1, 


the serial port interrupt 
is not activated. 
The way to use 
this feature in multiprocessor 
systems is described below. 


When the master processor 
wants to transmit 
a block of 
data to one of several slaves, it first sends out an address 
frame which identifies the target slave. An address frame 
will differ from a data frame in that the 9th data bit is I 
in an address 
frame and 0 in a data frame. 
No slave in 
mode 2 will be interrupted 
by a data frame. 
An address 


frame, however, 
will interrupt all slaves so that each slave 
can examine 
the received 
byte and see if it is being ad- 
dressed. The addressed slave switches to mode 3to receive 
the coming 
data frames, 
while the slaves that were not 
addressed 
stay in mode 2 and go on about their business. 


The unsigned 
integer represented 
by the lower 15 bits of 
the baud rate register defines a number B, where B has a 
maximum value of 32767. The baud rate for the four serial 
modes using either XT ALl or T2CLK as the clock source 
is given by: 


Using XTALl: 


Baud 
Mode 0: Rate 


2.11.3. 
Controlling 
the Serial Port 


Control of the Serial Port is done through the Serial Port 
Control/Status 
register. 
The format for the control word 


is shown in Figure 2-27. Note that reads access only part 
of the byte, 
as do writes, 
and that TB8 is cleared after 


each byte is transmitted. 


XTALl 
frequency 
------··B*'O 
4*(B + I) 
, 


XTALl 
frequency 


64*(B + I) 


In Mode 
0, if REN=O, 
wntmg 
to SBUF 
will start a 


transmission. 
Causing 
a rising edge on REN, or clearing 


RI with REN= 
I, will start a reception. 
Setting REN=O 


will stop a reception 
in progress, 
and inhibit further re- 


ceptions. 
To avoid a partial or complete undesired recep- 


tion, REN must be set to zero before clearing 
RI. This 


can be handled in an intenupt 
environment 
by using soft- 


ware flags, or in a straight-line 
code environment 
by using 


the Intenupt 
Pending register to signal the completion 
of 


a receive. 
In any mode, 
it is necessary 
to set IOCl.5 
to 


a I to enable the TXD pin. Some examples of the software 
involved 
in using the serial port can be found in section 


3.8. More information 
on lOCI 
is in section 2.13.3. 


Baud 
Others: 
Rate 


Using T2CLK: 


Mode 0: Baud 
Rate 
T2CLK frequency 


B 
; B*,O 


Others: 
Baud 
T2CLK frequency. 
B *' 0 


Rate 
16*B' 


Note that B cannot equal 0, except when using XTALI 
in other than mode O. 


Common 
baud rate values, 
using XTALI 
at 12MHz, 
are 


shown below. 
Baud Rate 
2.11.4. 
Determining 
Baud Rates 


Baud rates in all modes are determined 
by the contents of 


a 16-bit register at location OOOEH.This register must be 
loaded 
sequentially 
with 2 bytes 
(least significant 
byte 


first). The MSB of this register selects one of two sources 
for the input frequency 
to the baud rate generator. 
If it is 


a I, the frequency 
on the XTALI 
pin is selected, 
if not, 
the external 
frequency 
from the T2CLK 
pin is used. It 


should be noted that the maximum 
speed of T2CLK 
is 
one transition every 2 state times, with a minimum period 
of 16 XTALI 
cycles. 


Value 
Others 


Baud Register 
Mode 0 


8013H 
8026H 
804DH 
809BH 
8270H 


8137H 
8270H 
84ElH 
89C3H 
A70FH 


9600 
4800 
2400 
1200 
300 


The maximum 
asynchronous 
baud rate is 187.5 Kbaud, 


with a 12MHz clock. 


PEN 
ENABLE THE PARITY FUNCTION (EVEN PARITY); 


REN 
ENABLES THE RECEIVE FUNCTION; 


TB8 
PROGRAMS THE 9TH DATA BIT (IF NOT PARITY) ON 
TRANSMISSION; (CLEARS AFTER TRANSMISSIO/!l) 


TI 
IS THE TRANSMIT INTERRUPT FLAG; 


RI 
IS THE RECEIVE INTERRUPT FLAG; 


RB8 
IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY); 


RPE 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 


NOTE: TI AND RI ARE CLEARED WHEN SP _ 
STAT IS READ. 


There are five 8-bit I/O ports on the 8096. Some of these 
ports are input only, some output only, some bidirectional 
and some have alternate functions. 
Input ports connect to 


the internal 
bus through 
an input buffer. 
Output 
ports 


connect 
through 
an output 
buffer to an internal 
register 


that holds the output bits. Bidirectional 
ports consist of 


an internal register, 
an output buffer, and an input buffer. 


When 
an instruction 
accesses 
a bidirectional 
port as a 


source register, the question often arises as to whether the 
value that is brought into the CPU comes from the internal 
port register or from the port pins through the input buffer. 
In the 8096, the value always comes from the port pins, 
never from the internal register. 


2.12.1. Port 0 
Port 0 is an input only port which shares its pins with the 
analog inputs to the NO 
Converter. 
One can read Port 0 


digitally, 
and/or, 
by writing the appropriate 
control 
bits 


to the NO 
Command 
Register, 
select one of the lines of 


this port to be the input to the NO 
Converter. 
While a 


conversion 
is in process, 
the impedance 
of the selected 


line is lower than normal. See the data sheet for the specific 
values. 


2.12.2. Port 1 
Port 
I is a quasi-bidirectional 
I/O port. 
"Quasi-bidirec- 


tional" 
means the port pin has a weak internal pullup that 


is always active and an internal pull down which can either 
be on (to output a 0) or off (to output a I). If the internal 
pulldown 
is left off (by writing a I to the pin), the pin's 


logic 
level can be controlled 
by an external 
pulldown 


which can either be on (to input a 0) or off (to input a I). 
From the user's 
point of view the main distinction 
is that 


a quasi-bidirectional 
input will source current while being 


externally 
held low and will pull itself high if left alone. 


In parallel 
with 
the weak 
internal 
pullup, 
is a much 


stronger internal pullup that is activated for one state time 
when the pin is internally driven from 0 to I. This is done 


to speed up the O-to-I transition 
time. See also Sections 
3.7.1 and 4.2.2. 


Port 2 is a multi-functional 
port. Six of its pins are shared 
with other functions 
in the 8096, as shown below. 


Alternate 
Port 
Function 
Function 
Controlled by 


PZ.o 
output 
TXO (serial port 
IOCI.5 


transmit) 
PZ.I 
input 
RXO (serial port 
N/A 


receive) 
PZ.2 
input 
EXTINT 
lOCI. I 


(external interrupt) 
PZ.3 
input 
T2CLK (Timer 
IOCO.7 


2 input) 
P2.4 
input 
T2RST (Timer 
IOCO.5 


2 reset) 
PZ.5 
output 
PWM 
IOCI.O 


(pulse-width 
modulation) 


P2.6 
quasi-bidirectional 
P2.7 
quasi-bidirectional 


2.12.4. Ports 3 and 4 
Ports 3 and 4 have two functions. 
They are either bidi- 
rectional ports with open-drain outputs or System Bus pins 
which 
the memory 
controller 
uses when it is accessing 
off-chip 
memory. 
If the EA line is low, the pins always 


act as the System 
Bus. Otherwise 
they act as bus pins 


only during a memory access. If these pins are being used 
as ports and bus pins, ones must be written to them prior 
to bus operations. 


Strong internal pullups are used during external memory 
read or write cycles when the pins are used as address or 
data outputs. 
At any other time, the internal pullups are 


HSI.O INPUT 
ENABLE/DISABLE 


TIMER 
2 RESET 
EACH 
WRITE 


HSI.1 
INPUT 
ENABLE/DISABLE 


TIMER 
2 EXTERNAL 
RESET 
ENABLE/DISABLE 


HSI.2 INPUT 
ENABLE/DISABLE 


TIMER 
2 RESET 
SOURCE 
HSI.OIT2 
RST 


HSI.3 
INPUT 
ENABLE/DISABLE 


TIMER 
2 CLOCK 
SOURCE 
HSI.11T2CLK 


disabled. 
The port pins and their system bus functions are 
shown below: 


Port Pin 
System 
Bus Function 


P3.0 
ADO 


P3.1 
ADI 


P3.2 
AD2 


P3.3 
AD3 


P3.4 
AD4 


P3.5 
AD5 


P3.6 
AD6 


P3.7 
AD7 


P4.0 
AD8 
P4.1 
AD9 


P4.2 
AD 10 
P4.3 
ADII 


P4.4 
ADI2 
P4.5 
AD 13 


P4.6 
ADI4 


P4.7 
ADI5 


2.13. 
STATUS AND CONTROL 
REGISTERS 


2.13.1. 
I/O Control 
Registers 


There 
are two I/O Control 
registers, 
lOCO and lOCI. 
lOCO controls Timer 2 and the HSI lines. lOCI 
controls 
some pin functions, 
interrupt sources and 2 HSO pins. 


Whenever 
input lines are switched between two sources, 
or enabled, 
it is possible 
to generate transitions 
on these 
lines. 
This could 
cause 
problems 
with respect 
to edge 
sensitive 
lines such as the HSI lines, Interrupt 
line, and 
Timer 2 control lines. 


2.13.2. 
I/O Control 
Register 
0 (lOCO) 


lOCO is located 
at 0015H. 
The four HSI lines can be 
enabled or disabled to the HSI unit by setting or clearing 
bits in lOCO. Timer 2 functions including clock and reset 
sources 
are also determined 
by lOCO. The control 
bit 


locations 
are shown in Figure 2-28. 


2.13.3. 
I/O Control 
Register 
1 (IOC1) 
IOC I is used to select some pin functions 
and enable or 


disable some interrupt sources. Its location is 0016H. Port 
pin P2.5 can be selected 
to be the PWM output instead 


of a standard output. The external interrupt source can be 
selected to be either EXTINT (same pin as P2.2) or Analog 
Channel 7 (ACH7, same pin as PO.7). Timer I and Timer 
2 overflow 
interrupts 
can be individually 
enabled or dis- 


abled. The HSI interrupt can be selected to activate either 
when there is I FIFO entry or 7. Port pin P2.0 can be 
selected to be the TXD output. HSO.4 and HSO.5 can be 
enabled 
or disabled 
to the HSO unit. More information 
on interrupts 
is available 
in section 2.5. The positions of 
the lOCI 
control bits are shown in Figure 2-29. 


2.13.4. 
I/O Status 
Register 
0 (IOSO) 
There are two I/O Status registers, 
IOSO and IOS I. IOSO, 


located 
at 0015H, 
holds the current 
status of the HSO 


lines and CAM. 
The status bits of IOSO are shown 
in 


Figure 2-30. 


2.13.5. 
I/O Status 
Register 
1 (IOS1) 
IOS I is located at 00 16H. It contains 
status bits for the 


timers and the HSI. Every access of this register clears 
all of the timer overflow 
and timer expired 
bits. 
It is, 


therefore, 
important 
to first store the byte in a temporary 


location before attempting 
to test any bit unless only one 


bit will ever be of importance 
to the program. 
The status 


bits of IOS I are shown in Figure 2-31. 


This feature is provided 
as a means of graceful recovery 


from a software 
upset. Once the watchdog 
is initialized, 


if the software 
fails to reset the watchdog 
at least every 


64K state times, a hardware 
reset will be initiated. 


The watchdog 
is initialized 
by the first write of the clear 
WDT code to the WDT register. 
Once the watchdog 
is 
initialized 
it cannot be disabled by software. 
On reset the 
watchdog 
is not active. 


SELECT 
PWM/SELECT 
P2.5 


EXTERNAL 
INTERRUPT 
- 
ACH7/EXTINT 


TIMER 
1 OVERFLOW 
INTERRUPT 
ENABLE/DISABLE 


TIMER 
2 OVERFLOW 
INTERRUPT 
ENABLE/DISABLE 


HSO.4 
OUTPUT 
ENABLEIDISABLE 


SELECT 
TXD/SELECT 
P2.0 


HSO.5 
OUTPUT 
ENABLEIDISABLE 


HSI INTERRUPT 
- 
FIFO 
FULLIHOLDING 
REGISTER 
LOADED 


HSO.O CURRENT 
STATE 


HSO.l 
CURRENT 
STATE 


HSO.2 
CURRENT 
STATE 


HSO.3 
CURRENT 
STATE 


HSO.4 
CURRENT 
STATE 


HSO.5 
CURRENT 
STATE 


CAM 
IS FULL 
OR HOLDING 
REGISTER 
IS FULL 


HSO HOLDING 
REGISTER 
IS FULL 


SOFTWARE 
TIMER 
0 EXPIRED 


SOFTWARE 
TIMER 
1 EXPIRED 


SOFTWARE 
TIMER 
2 EXPIRED 


SOFTWARE 
TIMER 
3 EXPIRED 


TIMER 
2 HAS 
OVERFLOW 


TIMER 
1 HAS 
OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING 
REGISTER 
DATA AVAILABLE 


The software can be designed so that the watchdog times 
out if the program does not progress properly. The watch- 
dog will also time-out 
if the software 
error was due to 


ESD (Electrostatic 
Discharge) 
or other hardware 
related 


problems. 
This prevents the controller from having a mal- 


function for longer than 16 mS if a 12 MHz oscillator 
is 


used. 


The watchdog 
timer is a 16-bit counter 
which is incre- 


mented every state time. When it overflows it pulls down 
the RESET pin for at least two state times, reselling the 
8096 and any other chips connected 
to the reset line. To 


prevent the timer from overflowing 
and reselling the sys- 


tem, it must be cleared periodically. 
Clearing the timer is 
done by writing 
a "OIEH" 
followed 
by an "OElH" 
to 


the WDT register at location OOOAH. 


Use of a large reset capacitor 
on the RESET 
pin will 


increase 
the length of time required 
for a watchdog 
ini- 


tiated reset. 
This is because 
the capacitor 
will keep the 


RESET pin from responding 
immediately 
to the internal 


pull-ups and pull-downs. 
A large capacitor on the RESET 


pin may also interfere 
with the reset of other ParlS con- 


nected to the RESET pin. Under some circumstances, 
it 


may be desirable 
to use an open collector 
circuit. 
See 


section 4.4. 


2.14.1. 
Disabling The Watchdog 


The watchdog 
should be disabled by software not initial- 
izing it. If this is not possible, 
such as during program 


development, 
the watchdog 
can be disabled 
by holding 


the RESET pin at2.0 
to 2.5 volts. Voltages over 2.5 volts 


on the pin could quickly 
damage 
the part. Even at 2.5 


volts, using this technique 
for other than debugging 
pur- 
poses is not recommended, 
as it may effect 
long term 


reliability. 
It is further recommended 
that any Parl used 


in this way for more than several seconds, 
not be used in 


production 
versions of products. 


2.15. 
RESET 


2.15.1. 
Reset Signal 
As with all processors, 
the 8096 must be reset each time 


the power is turned on. To complete 
a reset, the RESET 


pin must be held active (low) for at least 2 state times 
after VCC, the oscillator, 
and the back bias generator have 


stabilized 
(-1.0 
milliseconds). 
Then 
when 
RESET 
is 


brought 
high again, 
the 8096 executes 
a reset sequence 


that takes 
10 state times. 
(It initializes 
some registers, 


clears the PSW and jumps to address 2080H.) 


The 8096 can be reset using a capacitor, 
I-shot, 
or any 


other method 
capable 
of providing 
a pulse of at least 2 


state times longer than required for VCC and the oscillator 
to stabilize. 


For best functionality, 
it is suggested that the reset pin be 
pulled 
low with an open collector 
device. 
In this way, 
several reset sources can be wire ored together. 
Remem- 


ber, the RESET pin itself can be a reset source (see section 
2. 14). Details 
of hardware 
suggestions 
for reset can be 


found in section 4.4. 


2.15.2. 
Reset Status 
The I/O lines and control of the 8096 will be in their reset 
state within 2 state times after reset is low, with VCC and 
the oscillator 
stabilized. 
Prior to that time, the status of 
the I/O lines is indeterminate. 
After the 10 state time reset 


sequence, 
the Special 
Function 
Registers 
will be set as 


follows: 


SFR 
reset value 


Port I 
IIlIIiIiB 


Port 2 
llOXXXXIB 


Port 3 
1IIlIlliB 


Port 4 
IlllIIIIB 


PWM Control 
OOH 


Serial Port (Transmit) 
undefined 


Selial Port (Receive) 
undefined 


Baud Rate Register 
undefined 


Serial Control/Status 
undefined 


AID Command 
undefined 


AID Result 
undefineq 


Interrupt 
Pending 
undefined 
Interrupt 
Mask 
OOOOOOOOB 


Timer 
I 
OOOOH 


Timer 2 
OOOOH 


Watchdog 
Timer 
OOOOH 
HSI Mode 
1lllllilB 


HSI Status 
undefined 


IOSO 
OOOOOOOOB 


IOSI 
OOOOOOOOB 


lOCO 
XOXOXOXOB 


lOCI 
XOXOXXXIB 


Register 
reset value 


HSI FIFO 
empty 


HSOCAM 
empty 


HSO lines 
OOOOOOB 


PSW 
OOOOH 


Stack Pointer 
undefined 


Program 
Counter 
2080H 
RD 
high 


WR 
high 


ALE 
low 


BHE 
low 


INST 
high 


NMI 
A low to high transition causes a vector to external mem- 
ory location 
OOOOH.Reserved 
for use in Intel Develop- 
ment systems. 


It is important 
to note that the Stack Pointer and Interrupt 


Pending Register are undefined, 
and need to be initialized 


in software. 
The Interrupts 
are disabled by both the mask 


register and PSW. 9 after a reset. 


2.15.3. 
Reset Sync Mode 
The RESET line can be used to start the 8096 at an exact 
state time to provide for synchronization 
of test equipment 


and multiple chip systems. 
RESET is active low. To syn- 


chronize parts, RESET is brought high on the rising edge 
of XTALI. 
Complete 
details on synchronizing 
parts can 


be found in section 4. I. 5. 


It is very possible that parts which start in sync may not 
stay that way. The best example 
of this would be when 


a "jump 
on I/O bit" 
is being used to hold the processor 


in a loop. If the line changes during the time it is being 
tested, one processor 
may see it as a one, while the other 


sees it as a zero. The result is that one processor 
will do 


an extra loop, 
thus putting 
it several 
states out of sync 


with the other. 


VCC 
Main supply voltage (5V). 


VSS 
Digital circuit ground (OV).There are two VSS pins, both 
must be tied to ground. 


VPD 
RAM standby supply voltage (5V). This voltage must be 
present during normal operation. 
See section 2.4.2 and 4. 


VREF 
Reference voltage and power supply for the analog portion 
of the AID converter. 
Nominally 
at 5 volts. See section 


2.9.1 and 4. 


ANGND 
Reference 
ground for the AID converter. 
Should be held 


at nominally the same potential as VSS. See section 2.9.1 
and 4. 


vaa 
Substrate 
voltage 
from the on-chip 
back-bias 
generator. 


This pin should be connected 
to ANGND 
through a 0.01 


uf capacitor 
(and not connected 
to anything 
else). 
The 


capacitor 
is not required if the AID converter is not being 


used. 


XTAL1 
Input of the oscillator 
inverter 
and input to the internal 


clock generator. 
See sections 2.2 and 4. 


XTAL2 
Output of the oscillator 
inverter. 
See section 2.2. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of 


CLKOUT 
is '/3 the oscillator frequency. 
It has a 33% duty 


cycle. 
CLKOUT 
can drive one TTL input. 
See section 


2.2. 


RESET 
Reset input to the chip, also output to other circuits. Input 
low for at least 2 state times to reset the chip. RESET has 
a strong internal pullup. 
See section 2.15 and 4.1. 


TEST 
Input low enables 
a factory test mode. The user should 


tie this pin to VCC for normal operation. 


NMI 
A low to high transition causes a vector to external mem- 
ory location OOOOH.Reserved 
for use in Intel Develop- 


ment systems. 


INST 
Output high while the address is valid during an external 
read indicates the read is an instruction 
fetch. See section 


2.3.6 
and 4.6. 


EA 
Input for memory select (External Access). EA = I causes 
memory 
accesses 
to locations 
2000H through 3FFFH to 


be directed to on-chip ROM. EA = 0 causes accesses to 
these locations to be directed to off-chip memory. EA has 
an internal pulldown, 
so it goes to 0 unless driven to I. 
See section 2.3.3. 


ALE 
Address Latch Enable output. ALE is activated only dur- 
ing external 
memory 
accesses. 
It is used to latch the ad- 


dress from the multiplexed 
address/data 
bus. See section 


2.3.5 
and 4.6. 


RD 
Read signal output to external 
memory. 
RD is activated 


only during external memory reads. See section 2.3.5 and 
4.6. 


WR 
Write signal output to external memory. 
WR is activated 
only during 
external 
memory 
writes. 
See section 
2.3.6 
and 4.6. 


BHE 
Bus High Enable signal output to external memory. 
BHE 
(0/1) selects/deselects 
the bank of memory 
that is con- 
nected to the high byte of the data bus. See section 2.3.5 
and 4.6. 


READY 
The READY 
input is used to lengthen 
external 
memory 


bus cycles up to the time specified 
in the data sheet. It 
has a weak internal pullup. 
See section 2.3.6 
and 4.6. 


HSI 
High impedance 
inputs to HSI Unit. Four HSI pins are 
available: HSI.O, HSI.I, 
HSI.2, and HSI.3. Two of them 
(HSI.2 
and HSI.3) 
are shared 
with the HSO Unit. 
See 
section 2.7. 


HSO 
Outputs 
from HSO 
Unit. 
Six HSO 
pins are available: 
HSO.O, 
HSO.I, 
HSO.2, 
HSO.3, 
HSOo4, 
and HSO.5. 


Two of them (HSO A and HSO. 5) are shared with the HSI 
Unit. All HSO pins are capable of driving one TTL input. 
See section 2.8. 


PORT O/ANALOG 
CHANNEL 
High impedance 
input-only 
port. These pins can be used 
as digital 
inputs 
and/or 
as analog inputs to the on-chip 
AID converter. 
See sections 2.9 and 2.12.1. 


PORT 1 
Quasi-bidirectional 
I/O port. All pins of P I are capable 


of driving one LS TTL input. See section 2.12.2. 


PORT 2 
Multi-functional 
port. Six of its pins are shared with other 


functions 
in the 8096, as shown below. 


Port 
Function 
Alternate 
Function 
Reference 
section 


P2.0 
output 
TXD (serial port transmit) 
2.11.3 


P2.1 
input 
RXD (serial port receive) 
2.11.3 
P2.2 
input 
EXTINT 
(external interrupt) 
2.5 


P2.3 
input 
T2CLK (Timer 2 input) 
2.6.2 


P204 
input 
T2RST (Timer 2 reset) 
2.6.2 


P2.5 
output 
PWM (pulse-width 
modulator) 
2.10 
P2.6 
quasi-bidirectional 


P2.7 
quasi-bidirectional 
" 


The multi-functional 
inputs are high impedance. 
See sec- 


tion 2.12.3. 


PORTS 3 AND 4 
8-bit bidirectional 
I/O ports. 
These 
pins are shared the 


multiplexed 
address/data 
bus 
when 
accessing 
external 


memory, 
with the Port 3 pins accessing the low byte and 


Port 4 pins accessing 
the high byte. They are open drain 


except when being used as system bus pins. See section 
2.3.5. 


The following is a list of pins in alphabetical 
order. Where 
a pin has two names it has been listed under both names, 
except 
for the system bus pins, ADO-ADI5, 
which are 
listed under Port 3 and Port 4. 


Name 
58-Pin 
48-Pln 


ACHO/PO.O 
4 
- 


ACHI/PO.I 
5 
- 
ACH2IPO.2 
3 
- 
ACH3/PO.3 
6 
- 
ACH4/POA 
67 
43 
ACH5/PO.5 
68 
42 
ACH6/PO.6 
2 
40 
ACH7/PO.7 
I 
41 


ALE 
16 
34 
ANGND 
66 
44 


BHE 
37 
15 


CLKOUT 
13 
- 
EA 
7 
39 


EXTINT/P2.2 
63 
47 


HSI.O 
54 
3 
HSI.I 
53 
4 


HSI.2/HSOA 
52 
5 
HSI.3/HSO.5 
51 
6 
HSO.O 
50 
7 
HSO.I 
49 
8 
HSO.2 
44 
9 
HSO.3 
43 
10 
HSOA/HSI.2 
52 
5 
HSO.5/HSI.3 
51 
6 
INST 
15 
- 
NMI 
7 
- 
PWM/P2.5 
39 
13 


PO.O/ACHO 
4 
- 
PO.I/ACHI 
5 
- 
PO.'2/ACH2 
3 
- 


PO.3/ACH3 
6 
- 
POA/ACH4 
67 
43 
PO.5/ACH5 
68 
42 
PO.6/ACH6 
2 
40 
PO.7/ACH7 
I 
41 


PI.O 
59 
- 


_____ 
N_a_m_e 
1 
58-Pin 
I 48-Pin 
I 


PI.I 
58 
I 
- 


PI.2 
57 
- 


PI.3 
56 
- 


PIA 
55 
- 


PI.5 
48 
- 


PI.6 
47 
- 


PI.7 
46 
- 


P2.0ITXD 
60 
2 


P2.I/RXD 
61 
I 


P2.21EXTINT 
63 
47 


P2.3!T2CLK 
34 
- 


P2A!T2RST 
36 
- 


P2.5/PWM 
39 
13 


P2.6 
45 
- 


P2.7 
40 
- 


P3.0/ADO 
18 
32 


P3.I/ADI 
19 
31 


P3.2/AD2 
20 
30 


P3.3/AD3 
21 
29 


P3A/AD4 
22 
28 


P3.5/AD5 
23 
27 


P3.6/AD6 
24 
26 


P3.7/AD7 
25 
25 


P4.0/AD8 
26 
24 


P4.I/AD9 
27 
23 


P4.2/ADIO 
28 
22 


P4.3/ADII 
29 
21 


P4A/ADI2 
30 
20 


P4.5/ADI3 
31 
19 


P4.6/ADI4 
32 
18 


P4.7/ADI5 
33 
17 


RD 
17 
33 


READY 
35 
16 


RESET 
62 
48 


RXD/P2.1 
61 
I 


TEST 
14 
- 


TXD/P2.0 
60 
2 


T2CLKlP2.3 
34 
- 


T2RST/P2A 
36 
- 
VBB 
41 
12 
VCC 
9 
38 
VPD 
64 
46 


VREF 
65 
45 


VSS 
10 
II 


VSS 
42 
37 


WR 
38 
14 


XTALI 
II 
36 


XTAL2 
12 
35 


The Following pins are not bonded out in the 48-pin pack- 
age: 


PI.O through P1.7, PO.O through PO.3, P2.3, P2A, P2.6, 
P2.7 
CLKOUT, 
INST, 
NMI, 
TEST, 
T2CLK(P2.3), 


T2RST(P2A). 
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This section 
provides 
information 
which 
will primarily 
interest those who must write programs 
to execute in the 
8096. Several other sources of information 
are currently 
available 
which will also be of interest: 


MCS~-96 
MACRO 
ASSEMBLER 
USER'S 
GUIDE 
Order Number 
122048-00 I 


MCS-96 
UTILITIES 
USER'S 
GUIDE 
Order Number 
122049-001 


MCS-96 
MACRO 
ASSEMBLER 
AND 
UTILITIES 
POCKET 
REFERENCE 
Order Number 
122050-001 


Throughout 
this chapter short segments 
of code are used 
to illustrate the operation of the device. For these sections 
it has been assumed that a set of temporary 
registers have 
been predeclared. 
The names of these registers have been 
chosen as follows: 


AX, BX, CX, and DX are 16 bit registers. 


AL is the low byte of AX, AH is the high byte. 


BL is the low byte of BX 


CL is the low byte of CX 


DL is the low byte of DX 


These 
are the same as the names 
for the general 
data 
registers used in 8086. 
It is important 
to note, however, 
that in the 8096, 
these 
are not dedicated 
registers 
but 
merely the symbolic 
names assigned 
by the programmer 
to an eight byte region within onboard 
register file. 


The MCS~-96 
architecture 
provides support for a variety 
of data types which are likely to be useful in a control 
application. 
In the discussion 
of these operand types that 
follows, the names adopted by the PLM-96 programming 
language 
will be used where appropriate. 
To avoid con- 
fusion the name of an operand 
type will be capitalized. 
A "BYTE" 
is an unsigned 
eight bit variable; 
a "byte" 
is an eight bit unit of data of any type. 


3.1.1. 
Bytes 
BYTES 
are unsigned 
8-bit variables 
which can take on 
the values between 0 and 255. Arithmetic 
and relational 
operators can be applied to BYTE operands but the result 
must be interpreted 
in modulo 
256 arithmetic. 
Logical 
operations 
on BYTES 
are applied 
bitwise. 
Bits within 
BYTES 
are labeled 
from 0 to 7 with 0 being the least 
significant 
bit. There 
are no alignment 
restrictions 
for 
BYTES so they may be placed anywhere 
in the MCS-96 
address space. 


3.1.2. 
Words 
WORDS are unsigned 
16-bit variables which can take on 
the values between 0 and 65535. Arithmetic 
and relational 


operators can be applied to WORD operands but the result 
must be interpreted 
modulo 65536. Logical operations 
on 
WORDS are applied bitwise. Bits within words are labeled 
from 0 to 15 with 0 being the least significant bit. WORDS 
must be aligned at even byte boundaries 
in the MCS-96 
address 
space. 
The least significant 
byte of the WORD 
is in the even byte address and the most significant 
byte 
is in the next higher (odd) address. The address of a word 
is the address of its least significant 
byte. 


3.1.3. 
Short-Integers 


SHORT-INTEGERS 
are 8-bit signed variables which can 
take on the values between 
-128 
and + 127. Arithmetic 
operations 
which generate 
results outside of the range of 
a SHORT-INTEGER 
will set the overflow 
indicators 
in 
the program 
status word. 
The actual 
numeric 
result re- 
turned 
will be the same as the equivalent 
operation 
on 
BYTE variables. 
There are no alignment 
restrictions 
on 
SHORT-INTEGERS 
so they may be placed anywhere 
in 
the MCS-96 
address space. 


3.1.4. 
Integers 


INTEGERS 
are 16-bit signed variables which can take on 
the values between 
-32,768 
and 32,767. 
Arithmetic 
op- 
erations which generate results outside of the range of an 
INTEGER will set the overflow indicators in the program 
status word. The actual numeric 
result returned 
will be 
the same as the equivalent 
operation on WORD variables. 
INTEGERS 
conform to the same alignment 
and address- 
ing rules as do WORDS. 


3.1.5. 
Bits 


BITS are single-bit operands 
which can take on the Boo- 
lean values of true and false. 
In addition 
to the normal 
support for bits as components 
of BYTE and WORD op- 
erands, the 8096 provides 
for the direct testing of any bit 
in the internal register file. The MCS-96 
architecture 
re- 
quires that bits be addressed 
as components 
of BYTES 
or WORDS, 
it does not support the direct addressing 
of 
bits that can occur in the MCS-51 
architecture. 


3.1.6. Double-Words 


DOUBLE-WORDS 
are unsigned 
32-bit variables 
which 
can take on the values between 0 and 4,294,967,295. 
The 
MCS-96 
architecture 
provides 
direct support for this op- 
erand type only for shifts and as the dividend 
in a 32 by 
16 divide 
and the product 
of a 16 by 16 multiply. 
For 
these operations 
a DOUBLE-WORD 
variable must reside 
in the on-board 
register 
file of the 8096 and be aligned 
at an address which is evenly divisible by 4. A DOUBLE- 
WORD operand 
is addressed 
by the address of its least 
significant 
byte. DOUBLE-WORD 
operations 
which are 
not directly supported can be easily implemented 
with two 
WORD operations. 
For consistency 
with INTEL provided 
software 
the user should 
adopt the conventions 
for ad- 
dressing DOUBLE-WORD 
operands 
which are discussed 
in section 3.5. 


3.1.7. 
Long-Integers 


LONG-INTEGERS 
are 32-bit signed variables which can 
take 
on 
the 
values 
between 
-2,147,483,648 
and 


2,147,483,647. 
The MCS-96 architecture 
provides direct 


support for this data type only for shifts and as the dividend 
in a 32 by 16 divide and the product of a 16 by 16 multiply. 


LONG-INTEGERS 
can also be normalized. 
For these 


operations 
a LONG-INTEGER 
variable must reside in the 


onboard 
register 
file of the 8096 and be aligned 
at an 


Operands 
are accessed 
within 
the address 
space of the 


8096 with one of six basic addressing 
modes. 
Some of 
the details of how these addressing modes work are hidden 
by the assembly 
language. 
If the programmer 
is to take 


full advantage of the architecture, 
it is important that these 


details be understood. 
This section will describe 
the ad- 
dressing 
modes as they are handled by the hardware. 
At 
the end of this section the addressing 
modes will be de- 


3.2.1. 
Register-direct 
References 


The register-direct 
mode is used to directly access a reg- 
ister from the 256 byte on-board register file. The register 
is selected 
by an 8-bit field within 
the instruction 
and 


address which is evenly divisible by 4. A LONG-INTEGER 
is addressed 
by the address 
of its least significant 
byte. 


LONG-INTEGER 
operations 
which are not directly sup- 


ported 
can be easily 
implemented 
with two INTEGER 
operations. 
For consistency 
with Intel provided software. 


the user 
should 
adopt 
the 
conventions 
for addressing 


LONG operands 
which are discussed 
in section 3.5. 


scribed as they are seen through the assembly 
language. 


The six basic addressing 
modes which will be described 
are termed register-direct, 
indirect, 
indirect with auto-in- 
crement, 
immediate. 
short-indexed. 
and 
long-indexed. 


Several other useful addressing operations can be achieved 
by combining 
these basic addressing 
modes with specific 


registers such as the ZERO register or the stack pointer. 


register address 
must conform 
to the alignment 
rules for 


the operand 
type. 
Depending 
on the instruction. 
up to 


three registers can take part in the calculation. 


Examples 
ADD 
MUL 
INCB 


AX.BX.CX 
AX.BX 
CL 


3.2.2. 
Indirect References 


The indirect mode is used to access an operand by placing 
its address 
in a WORD 
variable 
in the register file. The 


calculated 
address 
must conform 
to the alignment 
rules 


for the operand 
type. 
Note that the indirect address can 


refer to an operand anywhere 
within the address space of 


: AX:=BX+CX 
: AX:=AX*BX 
: CL: =CL+ 
I 


the 8096, 
including 
the register 
file. The register 
which 
contains 
the indirect 
address 
is selected 
by an eight bit 
field within 
the instruction. 
An instruction 
can contain 
only one indirect 
reference 
and the remaining 
operands 


of the instruction (if any) must be register-direct references. 


Examples 
LD 
ADDB 
pop 


AX.IAXI 
: AX: = MEM _ 
WORD(AX) 


AL.BL.[CXI 
: AL: = BL + MEM _ 
BYTE(CX) 


lAX] 
: MEM _ 
WORD(AX) 
: =MEM 
_ 
WORD(SP): 
SP: =SP+2 


3.2.3. 
Indirect with Auto-increment 
References 


This addressing 
mode is the same as the indirect 
mode 
INTEGERS 
the indirect 
address 
variable 
will be incre- 


except that the WORD variable which contains the indirect 
mented by one, if the instruction 
operates on WORDS or 


address is incremented 
after it is used to address the op- 
INTEGERS 
the indirect address able will be incremented 


erand. If the instruction 
operates on BYTES or SHORT- 
by two. 


Examples 
LD 
ADD 
PUSH 


AX.[BX]+ 
AL.BL.[CXI 
+ 
[AXI+ 


: AX: = MEM _ 
WORD(BX): 
BX: = BX + 2 
: AL: = AL + BL + MEM _ 
BYTE(CX): 
CX: = CX + I 
SP:=SP-2: 


MEM _ 
WORD(SP): 
= MEM _ 
WORD(AX) 


AX: =AX+2 


3.2.4. 
Immediate 
References 
This addressing 
mode allows an operand 
to be taken di- 
rectly from a field in the instruction. 
For operations 
on 
BYTE or SHORT-INTEGER 
operands 
this field is eight 
bits wide, for operations 
on WORD or INTEGER 
oper- 


ands the field is 16 bits wide. An instruction 
can contain 


only one immediate 
reference 
and the remaining 
oper- 


andes) must be register-direct 
references. 


Examples 
ADD 
PUSH 
DlVB 


AX,#340 
: AX: = AX + 340 


# 1234H 
: SP: = SP - 2: MEM _ 
WORD(SP): 
= 1234H 


AX.#IO 
: AL:=AXlIO: 
AH:=AX 
MOD 
10 


3.2.5. 
Short-indexed 
References 


In this addressing 
mode an eight bit field in the instruction 


selects 
a WORD 
variable 
in the register 
file which 
is 
assumed 
to contain 
an address. 
A second eight bit field 


in the instruction 
stream 
is sign-extended 
and summed 
with the WORD variable 
to form the address of the op- 
erand which will take part in the calculation. 
Since the 


eight bit field is sign-extended 
the effective 
address can 


be up to 128 bytes before the address in the WORD \'ar- 
iable and up to 127 bytes 
after 
it. An instruction 
can 


contain only one short-indexed 
reference 
and the remain 


ing operand(s) 
must be register-direct 
references. 


Examples 
LD 
AX.12[BX] 
: AX: = MEM _ 
WORD(BX 
+ 12) 


MULB 
AX.BL.3[CX] 
: AX: = BL *MEM _ 
BYTEICX +) 


3.2.6. 
Long-indexed 
References 


This addressing 
mode is like the short-indexed 
mode ex- 
cept that a /6-bir 
field is taken from the instruction 
and 


added to the WORD 
variable to form the address of the 


operand. 
No sign extension 
is necessar~ 
\11 
111'111" 
'"'" 


can contain only one long-indexed 
refer"Il" 
,tI,,1 II" I" 


maining operand(s) 
must to register-dire,·\ 
r,''''rell,,'' 


Examples 
AND 
AX.BX.TABLE[CX] 
ST 
AX.TABLE[BX) 
ADDB AL.BL.LOOKUP[CX] 


3.2.7. 
ZERO Register Addressing 


The first two bytes in the register file are fixed at zero by 
the 8096 hardware. 
In addition to providing a fixed source 


of the constant zero for calculations 
and comparisons. 
this 


register 
can be used as the WORD 
variable 
in a long- 


: AX: = BX AND MEM _ 
WORD(TABLE 
+ CX) 
: MEM _ 
WORD(TABLE 
+ BX) : = AX 
. AL:=BL+MEM 
_ 
BYTE(LOOKUP+CX) 


indexed reference. 
This combination 
of register selection 


and address 
mode allows any location 
in memory 
to be 


addressed 
directly. 


Examples 
ADD 
AX.1234[Oj 
: AX:=AX+MEM 
_ 
WORD(1234) 


POP 
5678[OJ 
: MEM _ 
WORD(5678): 
'= MEM _ 
WORD(SP) 


SP: = SP+2 


3.2~8.Stack Pointer Register Addressing 
The system stack pointer in the 8096 can be accessed as 
register 
18H of the internal 
register 
file. 
In addition 
to 


providing for convenient 
manipulation 
of the stack pointer, 
this also facilitates 
the accessing of operands in the stack. 


The top of the stack, 
for example, 
can be accessed 
by 


Examples 
PUSH 
LD 


[SPj 
AX.2[SPj 


using the stack pointer as the WORD variable in an indirect 
reference. 
In a similar fashion. 
the stack pointer can be 


used in the short-indexed 
mode to access data within the 


stack. 


3.2.9. Assembly 
Language 
Addressing 
Modes 
The 8096 assembly 
language simplifies the choice of ad- 


dressing modes to be used in several respects: 


Direct 
Addressing. 
The assembly 
language 
will choose 


between register-direct 
addressing 
and long-indexed 
with 


the ZERO register depending 
on where the operand is in 


memory. 
The user can simply refer to an operand by its 


symbolic 
name; 
if the operand 
is in the register 
file, a 


register-direct 
reference 
will be used, 
if the operand 
is 


elsewhere 
in memory, 
a long-indexed 
reference 
will be 


generated. 


The program status word (PSW) is a collection of Boolean 
flags which retain information 
concerning 
the state of the 


user's program. The format of the PSW is shown in figure 
3-1. The information 
in the PSW can be broken down into 


Indexed 
Addressing. 
The assembly language will choose 
between short and long indexing depending 
on the value 
of the index expression. 
If the value can be expressed 
in 
eight bits then short indexing will be used. if it cannot be 
expressed 
in eight bits then long indexing will be used. 


The use of these features of the assembly 
language 
sim- 
plifies the programming 
task and should be used wherever 
possible. 


two basic categories; 
interrupt control and condition flags. 


The PSW can be saved in the system stack with a single 
operation (PUSHF) and restored in a like manner (POPF). 


3.3.1. Interrupt 
Flags 


The lower eight bits of the PSW are used to individually 
mask the various sources of interrupt to the 8096. A logical 
'I' in these bit positions 
enables the servicing of the cor- 


responding 
interrupt. 
These mask bits can be accessed as 


an eight bit byte (INT-MASK 
- 
address 8) in the on- 


board register file. Bit 9 in the PSW is the global interrupt 
enable. 
If this bit is cleared 
then all interrupts 
will be 


locked out except for the Non Maskable 
Interrupt (NMI). 
Note 
that 
the 
various 
interrupts 
are 
collected 
in the 


INT _ PENDING 
register 
even if they are locked out. 


Execution 
of 
the 
corresponding 
service 
routines 
will 


procede according 
to their priority when they become en- 


abled. Further information 
on the interrupt structure of the 


8096 can be found in sections 2.5 and 3.6. 


3.3.2. Condition 
Flags 


The remaining 
bits in the PSW are set as side effects of 


instruction 
execution 
and can be tested by the conditional 


jump instructions. 


Z. The Z (Zero) flag is set to indicate that the operation 
generated 
a result equal to zero. For the add-with-carry 


(ADDC) and subtract-with-borrow 
(SUBC) operations the 


Z flag is cleared if the result is non-zero 
but is never set. 


These two instructions 
are normally 
used in conjunction 


with the ADD and SUB instructions 
to perform 
multiple 


precision arithmetic. 
The operation of the Z flag for these 


instructions 
leaves it indicating 
the proper result for the 


entire multiple precision 
calculation. 


eration generated 
a negative 
result. 
Note that the N flag 
will be set to the algebraically 
correct 
state even if the 
calculation 
overflows. 


V. The V (oVerflow) 
flag is set to indicate 
that the op- 
eration generated 
a result which is outside the range that 
can be expressed 
in the destination 
data type. 


VT. The VT (oVerflow 
Trap) flag is set whenever 
the V 


flag is set but can only be cleared by an instruction 
which 
explicitly 
operates 
on it such as the CLRVT 
or JVT in- 
structions. 
The operation 
of the VT flag allows for the 


testing for a possible 
overflow 
condition 
at the end of a 
sequence of related arithmetic operations. 
This is normally 
more efficient than testing the V flag after each instruction. 


C. The C (Carry) 
flag is set to indicate 
the state of the 


arithmetic 
carry from the most significant bit of the ALU 
for an arithmetic operation or the state of the last bit shifted 
out of the operand 
for a shift. Arithmetic 
Borrow after a 
subtract operation 
is the complement 
of the C flag (i.e. if 
the operation 
generated 
a borrow then C=O). 


ST. The ST (STicky bit) set to indicate that during a right 
shift a I has been shifted 
first into the C flag and then 
been shifted out. The ST flag is undefined after a multiply 
operation. 
The ST flag can be used along with the C flag 


to control rounding 
after a right shift. Consider multiply- 
ing two eight bit quantities 
and then scaling 
the result 
down to 12 bits: 


AX,CL,DL 
AX,#4 


; AX:=CL*DL 
; Shift right 4 places 


If the C flag is set after the shift it indicates that the bits 
shifted off the end of operand were greater-than 
or equal- 
to one half the least significant 
bit (LSB) of the result. If 
the C flag is clear after the shift it indicates 
that the bits 


shifted off the end of the operand were less than half the 
LSB of the result. 
Without 
the ST flag, 
the rounding 
decision 
must be made on the basis of this information 


alone. 
(Normally 
the result would be rounded 
up if the 
C flag is set.) The ST flag allows a finer resolution 
in the 
rounding 
decision: 


CST 
Value of the bits shifted off 


o 0 
Value = 0 


o I 
o < Value < '/2 LSB 


I 0 
Value = 
'12 LSB 


I I 
Value> 
'Ii LSB 


Imprecise 
rounding 
can be a major source of error in a 
numerical 
calculation; 
use of the ST flag improves 
the 


options available 
to the programmer. 


The MCS-96 instruction set contains a full set of arithmetic 
and logical operations 
for the 8-bit data types BYTE and 
SHORT INTEGER 
and for the 16-bit data types WORD 


and INTEGER. 
The DOUBLE-WORD 
and LONG data 
types (32 bits) are supported 
for the products of 16 by 16 
multiplies 
and the dividends 
of 32 by 16 divides and for 


shift operations. 
The remaining 
operations 
on 32 bit var- 
iables can be implemented 
by combinations 
of 16 bit op- 
erations. 
As an example 
the sequence: 


AX,ex 
BX,DX 


AX,ex 
BX,DX 


performs 
a 32 bit subtraction. 
Operations 
on REAL (i.e. 
floating point) variables 
are not supported 
directly by the 
hardware 
but are supported 
by the floating point library 


for the 8096 (FPAL-96) 
which implements 
a single pre- 
cision subset of the proposed 
IEEE standard for floating 


point operations. 
The performance 
of this software is sig- 


nificantly 
improved 
by the 
8096 
NORML 
instruction 


which normalizes 
a 32-bit variable 
and by the existence 


of the ST flag in the PSW. 


In addition 
to the operations 
on the various data types, 


the 8096 
supports 
conversions 
between 
these 
types. 


LDBZE (load byte zero extended) 
converts a BYTE to a 


WORD and LDBSE (load byte sign extended) 
converts a 


SHORT-INTEGER 
into an INTEGER. 
WORDS 
can be 


converted 
to DOUBLE-WORDS 
by simply clearing 
the 


upper WORD 
of the DOUBLE-WORD 
(CLR) and IN- 
TEGERS can be converted to LONGS with the EXT (sign 
extend) instruction. 


The MCS-96 
instructions 
for addition, 
subtraction, 
and 


comparison 
do not distinguish 
between 
unsigned 
words 


and signed 
integers. 
Conditional 
jumps 
are provided 
to 


allow the user to treat the results of these operations 
as 


either signed or unsigned 
quantities. 
As an example. 
the 


CMPB (compare byte) instruction is used to compare both 
~igned and unsigned 
eight bit quantities. 
A JH (jump if 


higher) could be used following 
the compare 
if unsigned 


operands 
were involved 
or a JGT (jump if greater-than) 


if signed operands 
were involved. 


Tables 
3- I and 3-2 summarize 
the operation 
of each of 


the instructions 
and Tables 3-3 and 3-4 give the opcode, 


byte count, and timing information for each of the instruc- 
tions. 


Oper- 
Flags 


Mnemonic 
ands 
Operation 
(Note 1) 
Z 
N 
C 
V 
VT ST 
Notes 


AOO/ADOB 
2 
o +- O+A 
/ / / / 
t - 


AOO/AOOB 
3 
o +- B+A 
/ / / / 
t - 


AODC/AODCB 
2 
o +- O+A+C 
~ / / 
/ 
t - 


SUB/SUBB 
2 
O+-O-A 
/ / / / 
t - 


SUB/SUBB 
3 
O+-B-A 
/ / 
/ / 
t - 


SUBClSUBCB 
2 
O+-O-A+C- 
I 
~ / / 
/ 
t - 


CMP/CMPB 
2 
O-A 
/ / / / 
t - 


MUUMULU 
2 
0,0+ 
2 +- O· 
A 
- 
- - 
- - 
? 
2 


MUUMULU 
3 
0,0 
+ 2 +- B· 
A 
- - - - - 
? 
2 


MULB/MULUB 
2 
0,0+ 
1+-0· 
A 
- 
- - 
- 
- 
? 
3 


MULB/MULUB 
3 
0,0+ 
I+- 
B· 
A 
- 
- 
- 
- - 
? 
3 


DIV/DIVU 
2 
o +- (0, 
0 
+ 
2)/A 
2 


0+2 
remainder 
- - 
- 
/ 
t - 


DIVB/DIVUB 
2 
o +- (0, 
0 
+ 
I)/A 
0+1 
remainder 
- 
- - 
/ 
t 
- 
3 


ANO/ANOB 
2 
0+-0 
and A 
/ / 
0 
0 - 
- 


ANO/ANOB 
3 
O+-BandA 
/ / 
0 
0 - 
- 


OR/ORB 
2 
O+-OorA 
/ / 
0 
0 - - 


XOR/XORB 
2 
o +- 0 (excl. or) A 
/ 
/ 
0 
0 - 
- 


LO/LOB 
2 
O+-A 
- - - 
- 
- - 


ST/STB 
2 
A+-O 
- 
- - 
- 
- 
- 


LOBSE 
2 
o +- A; 0 
+ 
I+- 
SIGN(A) 
- 
- 
- - 
- 
- 
3,4 


LOBZE 
2 
o +- A; 0 
+ 
I+-O 
- 
- 
- 
- - 
- 
3,4 


PUSH 
I 
SP +- SP - 
2; (SP) 
A 
- - 
- 
- 
- 
- 


pop 
I 
A +- (SP); SP +- SP + 2 
- 
- 
- 
- 
- - 


PUSHF 
0 
SP +- SP - 
2; (SP) +- PSW; 
0 
0 
0 
0 
0 
0 


PSW +- OOOOH 
1+-0 


POPF 
0 
PSW +- (SP); SP +- SP + 2 
I+-/ 
/ / / / / / 


SJMP 
I 
PC +- PC + 
II-bit offset 
- 
- - 
- 
- - 
5 


UMP 
- 
I 
PC +- PC + 
16-bit offset 
- 
- - 
- 
- 
- 
5 
BR(indirect) 
I 
PC +- (A) 
- 
- - 
- 
- 
- 


SCALL 
I 
SP +- SP - 
2; (SP) +- PC; 
- 
- - - 
- 
- 
5 


PC +- PC + 
II-bit offset 


LCALL 
I 
SP +- SP - 
2; (SP) +- PC; 
- - 
- 
- - 
- 
5 


PC +- PC + 
16-bit offset 


RET 
0 
PC +- (SP); SP +- SP + 2 
- - - - 
- - 


J(conditional) 
I 
PC +- PC + 8-bit offset 
- 
- - 
- 
- - 
5 


JC 
I 
Jump if C = I 
- - 
- 
- - - 
5 
JNC 
I 
Jump if C = 0 
- 
- - 
- 
- 
- 
5 
Note 
I. If the mnemonic ends in "B", 
a byte operation is performed, otherwise a word operation is done. Operands D, B, and A must conform 
to the alignment rules for the required operand type. D and B are locations in the register file; A can be located anywhere in memory. 
2. D, D + 2 are consecutive 
WORDS 
in memory; 
D is DOUBLE-WORD 
aligned. 
3. D, D + I are consecutive 
BYTES in memory; D is WORD aligned. 
4. Changes 
a byte to a word. 
5. Offset is a 2's complement 
number. 


Oper- 
Flags 


Mnemonic 
ands 
Operation (Note 1) 
Z 
N 
C 
V VT ST 
Notes 


JE 
I 
Jump if Z = I 
- - - - - - 
5 


JNE 
I 
Jump if Z = 0 
- - - 
- - - 
5 


JOE 
I 
Jump if N = 0 
- - - - - - 
5 


JLT 
I 
Jump if N = I 
. 
- - - - - - 
5 


JOT 
I 
Jump if N = 0 and Z = 0 
- - - - - - 
5 


JLE 
I 
Jump if N = I or Z = I 
- 
- - - - 
- 
5 


JH 
I 
Jump if C = I and Z = 0 
- 
- - - - - 
5 


JNH 
I 
Jump if C = 0 or Z = I 
- 
- - - - - 
5 
JV 
I 
Jump if V = I 
- - - - - - 
5 


JNV 
I 
Jump if V = 0 
- - - - - 
- 
5 


JVT 
I 
Jump if VT = I; Clear VT 
- - - - 
0 - 
5 


JNVT 
I 
Jump if VT = 0; Clear VT 
- - - - 
0 - 
5 


JST 
I 
Jump if ST = I 
- - - - - - 
5 


JNST 
I 
Jump if ST = 0 
- - - - - - 
5 


JBS 
3 
Jump if Specified Bit = I 
- 
- - - - - 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- 
- - - - - 
5,6 


DJNZ 
I 
D <- D - 
I; if D * 0 then 
PC <- PC + 8-bit offset 
- - - - - 
- 
5 


DEC/DECB 
I 
D<-D-I 
/ / / / 
t - 
NEG/NEGB 
I 
D<-O-D 
/ / / / 
t - 
INC/INCB 
I 
D<-D+I 
/ / / / 
t - 
EXT 
I 
D <- D; D + 2 <- Sign (D) 
/ / 
0 
0 - - 
2 


EXTB 
I 
D <- D; D + I <- Sign (D) 
/ / 
0 
0 - - 
3 


NOT/NOTB 
I 
D <- Logical Not (D) 
/ / 
0 
0 - 
- 


CLRlCLRB 
I 
D <-0 
I 
0 
0 
0 - - 
SHUSHLB/SHLL 
2 
C <- msb - 
- 
- 
- 
- 
Isb <- 0 
/ 
? / / 
t - 
7 


SHRlSHRB/SHRL 
2 
o ~ 
msb - 
- 
- 
- 
- 
Isb ~ 
C 
/ 
0 / 
0 - / 
7 


SHRAISHRAB/SHRAL 
2 
msb~ 
msb-----lsb~ 
C 
/ / / 
0 - / 
7 


SETC 
0 
C <-I 
- - 
I - - - 
CLRC 
0 
C <-0 
I 
- - 
0 - - - 
CLRVT 
0 
VT<-O 
- - - - 
0 - 
RST 
0 
PC <- 2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable All Interrupts (I <- 0) 
- 
- - - - 
- 
EI 
0 
Enable All Interrupts (I <- I) 
- - - - - 
- 
NOP 
0 
PC <-PC 
+ I 
- 
~ - - - - 
SKIP 
0 
PC <-PC 
+2 
. 
- - - - - - 
NORML 
2 
Normalize (See sec 3.13.66) 
/ 
I 
0 - - - 
7 


TRAP 
0 
SP <- SP - 
2; (SP) <- PC; PC <- 


(20IOH) 
- - - - - - 
9 
Note 
1. If the mnemonic 
ends in "B", 
a byte operation 
is performed, 
otherwise 
a word operation 
is done. Operands 
D, B and A must conform 
to the alignment 
rules for the required 
operand 
type. D and B are locations 
in the register 
file; A can be located anywhere 
in memory. 


5. Offset 
is a 2's complement 
number. 


6. 
Specified 
bit is one of the 2048 bits in the register 
file. 
7. The "L" 
(Long) 
suffix indicates 
double-word 
operation. 


8. Initiates 
a Reset by pulling 
RESET 
low. Software 
should re-initialize 
all the necessary 
registers 
with code starting 
at 2080H. 
9. 
The assembler 
will not accept this mnemonic. 


INDIRECT@ 
INDEXED@ 
DIRECT 
IMMEDIATE 
NORMAL 
AUTO-INC. 
SHORT 
LONG 


(.) 
rn 


Z 
0 
w 
0 
z 
w 
w 
w 
8m 
8m 
8m 
8m 
c 
0 
rn 
0 
rn 
wrn 
0 
rn 
rn 
0 
rn 
rn 
::E 
0 
wrn 
0 
0 
Ww 
Ww 
0 
Ww 
Ww 
w 
a: 
w 
!cw 
w 
!CW 
w 
!c::E 
w 
!c::E 
w 
I-::E 
w 
!c::E 
w 
(.) 
I- 
(.) 
!;: 
(.) 
!;: 
!;: 
(.) 
I- 
!;: 
Z 
CL 
CL 
> 
I-;;! 
CL 
I-;;! 
CL 
lii~ 
lii~ 
CL 
> ~- 
1-- 
::E 
0 
0 
m 
rnl- 
0 
m 
rnl- 
0 
m 
m 
0 
m 
rnl- 
m 
rnl- 


ARITHMETIC 
INSTRUCTIONS 


AOO 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


AOO 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


AOOB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


AOOB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8/13 
57 
5 
7/12 
6 
8/13 


AOOC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


AOOCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
'1/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8/13 
4B 
5 
7/12 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
60 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
40 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
70 
3 
17 
7E 
3 
19/24 
3 
20/25 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
50 
4 
18 
5E 
4 
20/25 
4 
21/26 
5F 
5 
20125 
6 
21/26 


MUL 
2 
~ 
4 
29 
~ 
5 
30 
~ 
4 
31/36 
4 
32/37 
~ 
5 
31136 
6 
32137 


MUL 
3 
~ 
5 
30 
~ 
6 
31 
~ 
5 
32/37 
5 
33/38 
~ 
6 
32/37 
7 
33/38 


MULB 
2 
~ 
4 
21 
~ 
4 
21 
~ 
4 
23/28 
4 
24/29 
~ 
5 
23/28 
6 
24/29 


MULB 
3 
~ 
5 
22 
~ 
5 
22 
~ 
5 
24/29 
5 
25/30 
® 
6 
24/29 
7 
25/30 


DIVU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29133 


DIVUB 
2 
9C 
3 
17 
90 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21125 


DIV 
2 
~ 
4 
29 
~ 
5 
30 
~ 
4 
32/36 
4 
33/37 
~ 
5 
32/36 
6 
33/37 


DIVB 
2 
® 
4 
21 
~ 
4 
21 
® 
4 
24128 
4 
25/29 
® 
5 
24/28 
6 
25/29 


Noles: 


@ Long indexed and Indirect + instructions 
have identical opocodes 
with Shon indexcd and Indirect modes. respectively. 
The second byte 
of instructions 
using any indirect or indexed addressing 
mode specifies the exact mode used. If the second byte is even, use Indirect 
or Shon Indexed. 
If it is odd, use Indirect + or Long indexed. 
In all cases the second byte of the instruction 
always specifies an even 


(word) location for the address 
referenced. 
<DNumber of state times shown for internal/external 
operands. 


<%> The opcodes 
for signed multiply 
and divide are the opcodes 
for the unsigned 
functions 
with an "FE" 
appended 
as a prefix. 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 


NORMAL 
AUTO-INC. 
SHORT 
LONG 


0 
en 
Z 
0 
w 
w 
z 
w 
w 
8en 
8en 
8en 
8en 
0 
or( 
0 
en 
0 
en 
wen 
0 
en 
en 
0 
en 
en 
:E 
a: 
0 
w 
wen 
0 
w 
0 
w 
Ww 
w 
Ww 
0 
w 
Ww 
w 
Ww 


w 
w 
0 
!;: 
~w 
0 
!;: 
~w 
0 .- 
~:E 
!;: 
~:E 
0 
!;: 
~:E 
!;: 
~:E 
z 
Il. 
Il. 
•... ~ 
Il. 
•... ~ 
Il. 
> ti~ 
ti~ 
Il. 
lii~ 
lii~ 
:E 
0 
0 
III 
en.- 
0 
III 
en.- 
0 
III 
III 
0 
III 
III 


LOGICAL 
INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/11 
3 
7112 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/\3 
43 
5 
7112 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7112 
73 
4 
6/11 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7112 
4 
8/\3 
53 
5 
7/12 
6 
8/\3 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/11 
3 
7112 
83 
4 
6111 
5 
7112 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6111 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6/11 
3 
7/12 
87 
4 
6111 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6111 
3 
7/12 
97 
4 
6/11 
5 
7/12 


DATA TRANSFER 
INSTRUCTIONS 


LD 
2 
AO 
3 
4 
Al 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6/11 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6111 
3 
7/12 
B3 
4 
6/11 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
-- 
C2 
3 
7111 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
-- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6/11 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6/11 
3 
7112 
AF 
4 
6111 
5 
7/12 


STACK OPERATIONS 
(internal stack) 


PUSH 
I 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11/15 
2 
12/16 
CB 
3 
11115 
4 
12/16 


POP 
I 
CC 
2 
12 
- 
- 
-- 
CE 
2 
14118 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
1 
8 


POPF 
0 
F3 
I 
9 


STACK OPERATIONS 
(external 
stack) 


PUSH 
I 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16/20 
CB 
3 
15/19 
4 
16/20 


POP 
I 
CC 
2 
14 
- 
- 
-- 
CE 
2 
16/20 
2 
16/20 
CF 
3 
16/20 
4 
16/20 


PUSHF 
0 
F2 
I 
12 


POPF 
0 
F3 
I 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16® 


SIMP 
20-27® 
2 
8 
SCALL 
28-2F® 
2 
13/16® 


BR[] 
E3 
2 
8 
RET 
FO 
1 
12/16® 


Notes: 
TRAP<ID 
F7 
1 


(j) Number of slate limes shown for IOtemal/extemal 
operands. 


(3) The assembler 
does not accept this mnemonic. 
@ The least significant 
3 bits of the opcode are concatenated 
with lhe following 8 bits to form an II-bit, 
2's complement, 
offset for the 
relative call or jump. 


<5l Slate times for Slack located intemallextemal. 
<5lThe assembler 
uses the generic jump mnemonic 
(BR) to generate this instruction. 


All conditional 
jumps 
are 2 byte instructions. 
They require 8 state times if the jump 
is taken. 
4 if it is not. 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
OB 
JE 
OF 
JGE 
06 
JGT 
02 


JNC 
03 
JNE 
D7 
JLT 
OE 
JLE 
OA 


JH 
09 
JV 
00 
JVT 
OC 
JST 
08 


JNH 
01 
JNV 
05 
JNVT 
04 
JNST 
DO 


These instructions 
are 3-byte instructions. 
They require 9 state times if the jump 
is taken'. 5 if it is not. 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
30 
3E 
3F 


lOOP 
CONTROL 


3 BYTES; 
5/9STATE TIMES 
(NOT TAKENITAKEN) 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
I7 
2 
4 
CLRB 
II 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBl 
WD 


MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
STATE TIMES 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + I PER SHIFT<L> 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + I PER SHIFT<L> 


SHRA 
OA 
3 
SHRAB 
IA 
3 
SHRAL 
OE 
3 
'7 + I PER SHIFT<L> 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


SETC 
F9 
I 
4 
DI 
FA 
I 
4 
CLRC 
F8 
I 
4 
EI 
FB 
I 
4 
CLRVT 
FC 
I 
4 
NOP 
FO 
1 
4 
RST 
FF 
1 
16 
SKIP 
00 
2 
4 


NORMALIZE 


11 + I PER SHIFT 


Notes: 
(5) This instruction 
takes 2 states to pull RST low. then holds it low for 2 states to initiate a reset. The reset take< 
J 2 states. 
at which 
time the program 
restarts at location 
2080H. 


<!> Execution 
will take at least 8 states. even for 0 shift. 


3.5. SOFTWARE 
STANDARDS 
AND 


CONVENTIONS 


For a software 
project 
of any size it is a good idea to 
modularize 
the program 
and to establish 
standards which 


control the communication 
between 
these modules. 
The 


nature of these standards 
will vary with the needs of the 
final application. 
A common 
component 
of all of these 
standards, 
however, 
must be the mechanism 
for passing 
parameters 
to procedures 
and returning 
results from pro- 


cedures. 
In the absence of some overriding 
consideration 


which 
prevents 
their 
use, 
it is suggested 
that the user 


conform to the conventions 
adopted by the PLM-96 pro- 


graming language for procedure linkage. It is a very usable 
standard for both the assembly 
language and PLM-96 en- 


vironment 
and it offers compatibility 
between 
these en- 


vironments. 
Another 
advantage 
is that it allows the user 


access to the same floating point arithmetics 
library that 
PLM-96 uses to operate on REAL variables. 


3.5.1. 
Register Utilization 


The MCS-96 architecture 
provides a 256 byte register file. 


Some of these registers are used to control register-mapped 
I/O devices 
and for other special 
functions 
such as the 
ZERO register and the stack pointer. The remaining bytes 
in the register 
file, some 230 of them, 
are available 
for 


allocation 
by the programmer. 
If these registers are to be 


used effectively 
some overall strategy for their allocation 


must be adopted. 
PLM-96 adopts the simple and effective 
strategy 
of allocating 
the eight bytes between 
addresses 
ICH and 23H as temporary 
storage. 
The starting address 
of this region is called PLMREG. 
The remaining 
area in 


the register file is treated as a segment of memory which 
is allocated 
as required. 


3.5.2. 
Addressing 
32-blt Operands 


These operands are formed from two adjacent 16-bit words 
in memory. The least significant word of the double word 
is always in lower address, 
even when the data is in the 


stack (which means that the most significant 
word must 


be pushed into the stack first). A double word is addressed 
by the address of its least significant 
byte. Note that the 


hardware supports some operations 
on double words (e.g. 
normalize 
and divide). 
For these operations 
the double 


word must be in the internal register 
file and must have 


an address which is evenly divisible 
by four. 


3.5.3. 
Subroutine 
Linkage 


Parameters 
are passed to subroutines 
in the stack. Param- 


eters are pushed 
into the stack in the order that they are 


encountered 
in the scanning 
of the source text. Eight-bit 


parameters 
(BYTES 
or SHORT-INTEGERS) 
are pushed 


into the stack with the high order byte undefined. 
Thirty- 


two 
bit 
parameters 
(LONG-INTEGERS, 
DOUBLE- 


WORDS, 
and REALS) 
are pushed into the stack as two 
16 bit values; 
the most significant 
half of the parameter 


is pushed into the stack first. 


example-procedure: PROCEDURE 
(paraml,param2,param3); 


DECLARE 
paraml BYTE, 
param2 DWORD, 
param3 WORD; 


When this procedure 
is entered at run time the stack will 
contain the parameters 
in the following 
order: 


?????? 
: 
paraml 


high word of param2 


low word of param2 


param3 


return address 


If a procedure 
returns 
a value 
to the calling 
code 
(as 


opposed to modifying 
more global variables) 
then the re- 


sult is returned 
in the variable 
PLMREG. 
PLMREG 
is 


viewed as either an 8, 16 or 32 bit variable depending 
on 


the type of the procedure. 


The standard calling convention 
adopted by PLM-96 has 
several key features: 


a). Procedures 
can always assume that the eight bytes 


of register 
file memory 
starting 
at PLMREG 
can be 


used as temporaries 
within the body of the procedure. 


b). Code which calls a procedure 
must assume 
that 


the eight 
bytes 
of register 
file memory 
starting 
at 


PLMREG 
are modified by the procedure. 


c). The Program 
Status Word (pSW-see 
section 3.3) 


is not saved and restored by procedures 
so the calling 
code 
must 
assumed 
that 
the 
condition 
flags 
(Z,N, Y,YT, C, and ST) are modified by the procedure. 


d). 
Function 
results 
from procedures 
are always re- 
turned in the variable PLMREG. 


PLM-96 allows the definition of INTERRUPT 
procedures 


which are executed 
when a predefined 
interrupt 
occurs. 


These procedures 
do not conform to the rules of a normal 


procedure. 
Parameters 
cannot be passed to these proce- 


dures and they cannot return results. 
Since they can ex- 


ecute essentially 
at any time (hence the term interrupt), 


these procedures 
must save the PSW and PLMREG 
when 


they are entered and restore these values before they exit. 


Processing 
interrupts 
is an integral 
part of almost 
any 


control application. 
The 8096 allows the program to man- 


age interrupt servicing in an efficient and flexible manner. 
Software 
running 
in the 8096 exerts control over the in- 


terrupt hardware 
at several levels. 


3.6.1. 
Global Lockout 


The processing 
of intenupts 
can be enabled or disabled 


by setting or clearing the I bit in the PSW. This is accom- 
plished 
by the EI (Enable 
Intenupts) 
and DI (Disable 


Intenupts) 
instructions. 
Note that the I bit only controls 
the actual 
servicing 
of intenupts; 
intenupts 
that occur 


during 
periods 
of lockout 
will be held in the pending 


register and serviced on a prioritized 
basis when the lock- 


out period ends. 


3.6.2. 
Pending Interrupt 
Register 


When the hardware 
detects one of the eight intenupts 
it 


sets the corresponding 
bit in the pending intenupt 
register 


(INT-PENDING-register 
09H). This register, which has 


the same bit layout as the intenupt 
mask register (see next 


section), 
can be read or modified as a byte register. This 
register can be read to determine 
which of the intenupts 
are pending at any given time or modified to either clear 
pending 
intenupts 
or generate 
intenupts 
under 
soft- 


ware 
control. 
Any 
software 
which 
modifies 
the 


INT -PENDING 
register 
should 
ensure 
that the entire 


operation 
is indivisible. 
The easiest way of doing this is 
to use the logical instructions 
in the two or three operand 


format, 
as examples: 


ANDB 
INTJENDING,#IlIIIIOIB 


ORB 
; Clears the AID interrupt 
INTJENDlNG,#OOOOOOIOB 
Sets the AID interrupt 


If the required modification 
to INT -PENDING 
cannot be 
accomplished 
with one instruction 
then a critical region 


should 
be established 
and the INT-PENDING 
register 


modified from within this region (see section 3.6.5). 


3.6.3. 
Interrupt 
Mask Register 


Individual 
intenupts 
can be enabled or disabled by setting 
or clearing 
bits 
in the 
intenupt 
mask 
register 
(INT_ 


MASK-register 
08H). The format of this register is shown 


in figure 3-4. 


TIMER 
OVERFLOW 


AID COMPLETION 


HSI DATA 
AVAILABLE 


HSO EVENT 


HSI BIT 0 


'--------- 
SOFTWARE 
TIMERS 


SERIAL 
1/0 


EXTERNAL 
INTERRUPT 


The INT-MASK 
register can be read or written as a byte 
register. 
A one in any bit position will enable the corre- 


sponding 
intenupt 
source 
and a zero 
will disable 
the 


source. 
The individual 
masks act like the global lockout 


in that they only control the servicing of the intenupt; 
the 
hardware will save any intenupts 
that occur in the pending 
register 
even 
if the intenupt 
mask 
bit is cleared. 
The 
INT -MASK 
register 
also can be accessed 
as the lower 


eight bits of the PSW so the PUSHF and POPF instructions 
save and restore the INT-MASK 
register 
as well as the 
global intenupt 
lockout and the arithmetic 
flags. 


3.6.4. 
Interrupt Vectors 
The 8096 has eight sources 
of hardware 
intenupt, 
each 
with its own priority and intenupt 
vector location. 
Table 
3-5 shows the intenupt 
sources, 
their priority, 
and their 
vector locations. 
See section 2.5 for a discussion 
of the 
various intenupt 
sources. 


Source 
Priority 
Vector 


Timer Overflow 
O-Lowest 
2000H 


AID Completion 
I 
2002H 


HSI Data Available 
2 
2004H 


HSO Execution 
3 
2006H 


HSI.O 
4 
2008H 


Software timers 
5 
200AH 


Serial I/O 
6 
200cH 


External Intenupt 
7-Highest 
200EH 


The programmer 
must initialize the intenupt 
vector table 
with the starting 
addresses 
of the appropriate 
intenupt 


service 
routine. 
It would 
be a good idea to vector 
any 


intenupts 
that are not used in the system to an error han- 
dling routine. 


The priorities 
given in the table give the hardware 
en- 
forced priorities for these intenupts. 
This priority controls 


the order in which pending 
intenupts 
are passed 
to the 
software via intenupt-calls. 
The software can implement 
its own priority structure by controlling 
the mask register 


(lNT _ MASK-register 
08H). 
To see how this is done 
consider 
the case of a serial I/O service 
routine 
which 
must run at a priority 
level which is lower than the HSI 
data available intenupt 
but higher than any other source. 


The "preamble" 
and exit code for this intenupt 
service 
routine would look like this: 


: Save the PSW 


(Includes INT _ MASK) 


LDB 
INT-MASK,#0ססoo 
IOOB 


EI 
; Enable interrupts again 


! J,~~.""re~", 


POPF 
RET 


Note that location 
200CH 
in the intenupt 
vector 
table 


would 
have 
to be loaded 
with the 
value 
of the label 
serial_ 
io _ isr and the intenupt 
be enabled for this rou- 
tine to execute. 


There 
is an interesting 
chain of instruction 
side-effects 
which makes 
this (or any other) 
8096 interrupt 
service 
routine execute properly: 


a). After the hardware 
decides to process an interrupt 


it generates 
and executes 
a special 
interrupt-call 
in- 


struction 
which pushes 
the current 
program 
counter 


onto the stack and then loads the program counter with 
the contents 
of the vector table entry corresponding 
to the interrupt. 
The hardware 
will not allow another 
interrupt 
to be serviced 
immediately 
following 
the 


interrupt-call. 
This guarantees 
that once the interrupt- 


call starts the first instruction 
of the interrupt 
service 


routine will execute. 


b). The PUSHF instruction, 
which is now guaranteed 


to execute, 
saves the PSW in the stack and then clears 
the PSW. The PSW contains, 
in addition to the arith- 
metic flags, the INT-MASK 
register 
and the global 
enable flag (I). The hardware 
will not allow an inter- 


rupt following 
a PUSHF 
instruction 
and by the time 
the LO instruction 
starts 
all of the interrupt 
enable 


flags will be cleared. 
Now there is guaranteed 
exe- 


cution of the LO INT-MASK 
instruction. 


c). The 
LO INT-MASK 
instruction 
enables 
those 


interrupts 
that the programmer 
chooses 
to allow to 


interrupt the serial VO interrupt service routine. In this 
example only the HSI data available 
interrupt 
will be 
allowed to do this but any interrupt or combination 
of 
interrupts could be enabled at this point, even the serial 
interrupt. It is the loading of the INT _MASK 
register 


which allows the software 
to establish 
its own prior- 


ities for interrupt 
servicing 
independently 
from those 


that the hardware 
enforces. 


d). The 
EI instruction 
reenables 
the processing 
of 


interrupts. 


e). 
The 
actual 
interrupt 
service 
routine 
executes 


within the priority structure established by the software. 


f). At the end of the service routine the POPF instruc- 
tion restores the PSW to its state when the interrupt- 
call occurred. 
The hardware 
will not allow interrupts 


to be processed 
following 
a POPF instruction 
so the 
execution 
of the last instruction 
(RET) is guaranteed 
before 
further 
interrupts 
can occur. 
The reason that 
this RET instruction 
must be protected 
in this fashion 
is that it is quite likely that the POPF instruction 
will 
reenable an interrupt which is already pending. 
If this 


interrupt 
were serviced 
before 
the RET instruction, 


then the return address to the code that was executing 
when the original interrupt 
occurred 
would be left on 
the stack. 
While this does not present 
a problem 
to 
the program 
flow, it could result in a stack overflow 


if interrupts 
are occurring 
at a high frequency. 
The 
POPF instruction 
also pops the INT _ MASK register 


(part of the PSW), so any changes made to this register 
during a routine which ends with a POPF will be lost. 


Notice that the "preamble" 
and exit code for the interrupt 


service routine 
does not include any code for saving or 


restoring 
registers. 
This is because 
it has been assumed 
that the interrupt 
service 
routine 
has been allocated 
its 


own private set of registers from the on-board register file. 
The availability 
of some 
230 bytes 
of register 
storage 


makes this quite practical. 


3.6.5. 
Critical Regions 
Interrupt service routines must share some data with other 
routine·s. Whenever 
the programmer 
is coding those sec- 
tions of code which access these shared pieces of data, 
great care must be taken to ensure that the integrity of the 
data is maintained. 
Consider clearing a bit in the interrupt 
pending register as part of a non-interrupt 
routine: 


LOB 
ANDB 
STB 


AL,INT---"ENDING 
AL,#biLmask 
AL,INT---"ENDING 


This code works if no other routines 
are operating 
con- 
currently, 
but will cause occasional 
but serious problems 


if used in a concurrent 
environment. 
(All programs which 
make use of interrupts must be considered 
to be part of a 


concurrent 
environment.) 
To demonstrate 
this problem, 


assume 
that 
the 
INT_PENOING 
register 
contains 


ססoo111 IB and bit 3 (HSO event interrupt pending) is to 
be reset. 
The code does work for this data pattern 
but 
what happens 
if an HSI interrupt 
occurs somewhere 
be- 


tween the LDB and the STB instructions? 
Before the LDB 
instruction 
INT_PENDING 
contains 
00001 I liB 
and 
after the LOB instruction so does AL. IF the HSI interrupt 
service routine executes at this point then INT JENDING 
will change 
toססoo101 lB. 
The ANOB 
changes 
AL to 


00000l11B 
and the STB 
changes 
INTJENDING 
to 


0ססoo1 liB. 
It should be o00ooo1 lB. This code sequence 


has managed to generate a false HSI interrupt! The same 
basic process can generate an amazing assortment of prob- 
lems and headaches. 
These problems 
can be avoided 
by 


assuring 
mutual exclusion 
which basically 
means that if 


more than one routine 
can change 
a variable, 
then the 


programmer 
must ensure exclusive 
access to the variable 


during the entire operation 
on the variable. 


In many cases the instruction 
set of the 8096 allows the 


variable to be modified with a single instruction. 
The code 


in the above example 
can be implemented 
with a single 


instruction: 


Instructions 
are indivisible 
so mutual exclusion is ensured 


in this case. For more complex 
situations, 
such a simple 


solution is not available 
and the programmer 
must create 


what is termed 
a critical 
region 
in which 
it is safe to 


modify 
the variable. 
One 
way to do this is to simply 


disable interrupts with a 01 instruction, 
perform the mod- 


ification, and then re-enable 
interrupts with an EI instruc- 


tion. The problem with this approach 
is that it leaves the 


interrupts 
enabled 
even if they were not enabled 
at the 


start. A better solution is to enter the critical region with 
a PUSHF instruction which saves the PSW and also clears 


the interrupt 
enable flags. The region can then be termi- 
nated with a POPF instruction 
which returns the interrupt 
enable to the state it was in before the code sequence. 
It 
should be noted that some system 
configurations 
might 
require more protection 
to form a critical region. 
An ex- 


ample is a system in which more than one processor 
has 


access to a common resource such as memory or external 
110 devices. 


3.7. 
I/O PROGRAMMING 
CONSIDERATIONS 


The on-board 
110 devices 
are, for the most part, simple 


to program. 
There are some areas of potential 
confusion 


which need to be addressed: 


3.7.1. 
Programming 
the I/O Ports 
Some of the on-board 110 ports can be used as both input 
and output pins (e.g. Port I). When the processor 
writes 
to the pins of these ports it actually writes into a register 
which 
in turn drives 
the port pin. 
When 
the processor 
reads these ports, it senses the status of the pin directly. 
If a port pin is to be used as an input then the software 
should write a one to that pin, this will cause the low- 
impedance 
pull-down 
device to turn off and leave the pin 
pulled up with a relatively high impedance 
pull-up device 


which can be easily driven 
down by the device driving 
the input. If some pins of a port are to be used as inputs 
and some are to be used as outputs the programmer 
should 
be careful when writing to the port. Consider using PI.O 
as an input and then trying to toggle P I. I as an output: 


ORB 
IOPORTl,#OOOOOOOIB 


XORB 
IOPORT 1,#o00ooo 
lOB 


; Set PI.O for input 
; Complement 
PI.I 


The first instruction 
will work as expected 
but two prob- 


lems can occur when the second instruction executes. The 
first is that even though PI.I 
is being driven high by the 


8096 it is possible 
that it is being held low externally. 
This typically happens 
when the port pin is used to drive 


the base of an NPN transistor 
which in turn drives what- 


ever there is in the outside world which needs to be tog- 
gled. The base of the transistor 
will clamp the port pin to 
the transistor's 
Vbe above 
ground, 
typically 
0.7 volts. 


The 8096 will input this value as a zero even if a one has 
been written to the port pin. When this happens the XORB 
instruction 
will always write a one to the port pin and it 


will not toggle. The second problem, 
which is related to 
the first one, is that if PI. 0 happens to be dri ven to a zero 
when Port 
I is read by the XORB 
instruction 
then the 


XORB will write a zero to Pl.O and it will no longer be 
useable as an input. The first problem can best be solved 
by the external 
driver design. 
A series resistor 
between 
the port pin and the base of the transistor 
often works. 


The second problem can be solved in the software 
fairly 


easily: 


LOB 
XORB 
ORB 
STB 


AL,IOPORTI 
AL,#OIOB 
AL,#OOIB 
AL,IOPORTI 


A software solution to both problems 
is to keep a byte in 
RAM as an image of the data to be output to the port; any 
time the software 
wants to modify the data on the port it 
can then modify the image byte and then copy it to the 
port. 


3.7.2. 
Reading the I/O Status Register 1 
This status register 
contains 
a collection 
of status flags 


which relate to the timer 
and high speed 
110 functions 


(see section 2.12.5). 
It can be accessed 
as register 
l6H 
in the on-board register file. The layout of this register is 
shown in figure 3-5. 


7 
6 
5 
4 
3 
2 
1 
01 


~~L 


;OFTWARE 
TIMER 
0 EXPIRED 


SOFTWARE 
TIMER 
1 EXPIRED 


SOFTWARE 
TIMER 
2 EXPIRED 


SOFTWARE 
TIMER 
3 EXPIRED 


TIMER 
2 OVERFLOW 
FLAG 


TIMER 
1 OVERFLOW 
FLAG 


'--------- 
HSI FIFO IS FULL 
L- 
HSI DATA AVAILABLE 


Whenever the processor reads this register all of the time- 
related flags (bits 5 through 0) are cleared. 
This applies 
not only to explicit reads such as: 


which jumps to somewhere _ else if bit 3 of IOS I is set. 
In most cases this situation can best be handled by having 
a byte in the register 
file which 
is used to maintain 
an 
image of lower five bits of the register. Any time a hard- 
ware timer 
interrupt 
or a HSO software 
timer interrupt 
occurs the byte can be updated: 


leaving IOSI _ image containing 
all the flags that were 
set before plus all the new flags that were read and cleared 
from IOS I. Any other routine which needs to sample the 
flags can safely check IOSI _ image. 
Note that if these 
routines 
need to clear the flags that they have acted on 
then the modification 
of IOS I _ image must be done from 
inside a critical region (see section 3.6.5). 


3.7.3. 
Sending Commands 
to the HSO Unit 
Commands 
are sent to the HSO unit via a byle and then 
a word write operation: 


LOB 
HSO _ 
COMMANO,#what 
_ 
to _ 
do 


ADO 
HSO _ 
TIME, TIMER I, #when 
_ 
to _ 
do _ 
it 


The command is actually accepted when the HSO_ 
TIME 


register is written. 
It is important 
to ensure that this code 
piece is not interrupted 
by any interrupt 
service routine 


which might also send a command 
to the HSO unit. If 


this happens 
the HSO will know when to do it but not 


know what to do when it's time to do it. In many systems 
this becomes a null problem because HSO commands 
are 


only issued from one place in the code. If this is not the 
case then a critical region must be established 
and the two 


instructions 
executed 
from within this region (see section 


3.6.5). 


Commands 
in the holding 
register 
will not execute even 


if their time tag is reached. 
Commands 
must be in the 


CAM for this to occur. Flags are available in IOSO which 
indicate 
the holding 
register 
is empty 
(I0S0.7) 
or that 


both the holding 
register 
is empty and the CAM is not 


full (IOSO.6). 
The programmer 
should carefully 
decide 


which 
of these 
two flags is the best 
to use for each 


application. 


It is possible 
to enter commands 
into the CAM which 


never execute. 
This occurs if TIMER2 has been set up as 
a variable modulo counter and a command is entered with 
a time tag referenced 
to TIMER2 
which has a value that 


TIMER2 
never reaches. 
The inaccessible 
command 
will 


never execute and continue 
to take up room in the CAM 


until either 
the system 
is reset or the program 
allows 


TIMER2 increment up to the value stored in the time tag. 
Note that commands 
cannot 
be flushed from the CAM 


without 
being executed 
but that they can be cancelled. 


This is accomplished 
by setting the opposite command 
in 


the CAM to execute at the same time tag as the command 
to be cancelled. 
Since internal events are not synchronized 


to Timer 
I, it is not possible 
to cancel 
them. 
If, as an 


example, 
a command 
has been issued to set HSO.I 
when 


TIMER I = 1234 then entering 
a second command 
which 


clears HSO.I 
when TIMERI = 1234 will result in a no- 


operation 
on HSO.I. 
Both commands 
will remain in the 


CAM until TIMERI = 1234. 


3.7.4. 
High Speed I/O Interrupts 


The HSO unit can generate 
two types of interrupts. 
The 


HSO execution 
interrupt 
(vector = (2006H» 
is generated 


(if enabled) for HSO commands 
which operate on one of 


the six HSO pins. The other HSO interrupt is the Software 
Timer interrupt (vector = (200AH» 
which is generated (if 


enabled) for any other HSO command (e.g. triggering the 
AID, 
resetting 
Timer2 or generating 
a software 
time de- 


lay). 


There are also two interrupts associated with the HSI unit. 
The HSI data available 
interrupt 
(vector = (2004H)) 
is 
generated if there is data in the HSI FIFO that the program 
should read. The other HSI related interrupt is the HSI.O 
interrupt which occurs whenever 
High Speed Input pin 0 


makes a zero-to-one 
transition. 
This interrupt will become 


pending in the INT-PENDING 
register even if the HSI 


unit is programmed 
to ignore changes 
on HSI.O or look 


for a one-to-zero 
transition. 


3.7.5. 
Accessing 
Register Mapped I/O 
The on-board 
110 devices 
such as the serial port or the 


AID converter are controlled 
as register mapped 110. This 


allows convenient 
and efficient 
110 processing. 
The im- 


plementation 
of the current members of the MCS-96 fam- 
ily place some restrictions 
on how these registers car. be 


accessed. 
While these restrictions 
are not severe, the pro- 
grammer 
must be aware of them. 
A complete 
listing of 


these registers 
is shown 
in figure 2-7 and 2-8. The re- 
strictions are as follows: 


a). TIMER I, TIMER2 and HSI_ TIME are word read 
only. They cannot be read as bytes or written to in any 
format. 


b). HSO _ TIME 
is word 
write only. 
It cannot 
be 


written to as individual 
bytes or read in any format. 


c). RO (the ZERO 
register) 
is byte or word read or 


write but writing to it will not change its value. 


d). All of the other 110 registers can be accessed only 
as bytes. 
This 
applies 
even 
to the AD_RESULT 


which is logically 
a word operand. 


3.8. 
EXAMPLE-1 
PROGRAMMING 
THE 
SERIAL I/O CHANNEL 


SOURCE 
FILE: 
:Fl:SPX.SRC 
OBJECT 
FILE: 
:Fl: 
SPx.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CCXo1MAND: 
NOSe 
DEBUG 


0010 
C40007 
0013 
B12001 


0016 
3609FO 
0019 
71BF09 


ODIC 901101 


OOIF 
001F 
360109 
0022 
C40007 
0025 
71BFOl 
0028 
BIFF03 


002B 
002B 
30030C 
002E 
350109 
0031 
Booo07 
0034 
71oFOl 
0037 
BI0003 


003A 
003A 
270A. 


003C 


ASSEMBLY 
CeJotPLETED, 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
R 
50 
R 
51 
52 
53 
54 
55 
R 
56 
57 
58 
59 
60 


R 
61 
R 
62 
R 
63 


R 
64 
65 
66 


R 
67 
R 
68 
R 
69 
R 
70 
R 
71 
72 
73 
74 
75 
76 


SOUOCE 
STATEMENT 
$TITLE('SERIAL 
PORT 
DEMO 
PROGRAM') 
$PAGELENGTlI 
(95 
I 


BAUD 
REG 
SPCON 
SPSTAT 
lOCI 
lOCO 
saUF 
INT 
PENDING 
SP 
- 


get 
byte: 
- 
JBC 
STB 
ANDB 
LOB 


put byte: 
JBC 
JBC 
LOB 
ANDB 
LOB 


CHR: 
dsb 
TEMPO: 
dsb 
TEMP!: 
dsb 
ReV_FLAG: 


BAUD 
REG, 
IBAUD 
LOW 
BAUO=:REG, 
iSAUO::::HIGH 


SPCON. 1010010018 


TEMPO, 
6, 
put 
byte 
SaUF, 
CHR 
- 
TEMPO, 
,10111111B 
ReV_FLAG, 
JOFFH 


RCV 
FLAG, 
0, 
continue 
TEMPO, 
5, 
continue 
saUF, 
CHR 
TEMPO, 
,11011111a 
ReV_FLAG. 
'00 


Put 
SPCON into 
temp 
register 
This 
is 
necessary 
becase 
reading 
SPCON clears 
TI 
and 
RI 


If 
RI-temp 
is 
not 
set 
Store 
byte 
CLR RI-temp 
Set 
bit-received 
flag 


If 
receive 
flag 
is 
cleared 
If 
TI was not 
set 
Send byte 
CLR TI-temp 
Clear 
bit-received 
flag 


3.9. 
EXAMPLE-2 
GENERATING 
A PWM 


WITH THE HSO UNIT 


SOURCE 
FILE: 
:F!:HS02X.SRC 
OBJECT 
FILE: 
:F!:HS02X.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
Nosa 
DEBUG 


SOURCE 
STA.TEMENT 
$TITLE 
('H5o 
EXAMPLE 
PROGRAM FOR PWM OUTPUTS') 
$PAGELENGTH (95) 


0000 
3EODFO 
0003 
FD 
0004 
FO 
0005 C701000000 


DaDA 
DaDA 
SIOFDOOl 
DODE 
980100 
0011 
OFED 
0013 
940100 


0016 
0016 
300017 
0019 
380108 


ODIC 
ODIC 
B13000 
DOIF 
410100000000 
0025 
2009 


0027 
0027 
ello0o 
00211. 
470100000000 


0030 
0030 
310017 
0033 
390108 


0036 
0036 
e13100 
0039 
470100000000 
003F 
2009 


0041 
0041 
Bl1100 
0044 
470100000000 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
E 
50 
R 
51 
52 
R 
53 
54 
55 
56 
R 
57 
R 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 


wait: 
JBS 
NOP 
NOP 
STB 


store 
stat: 
- 
ANOB 
CMPB 
JE 
XORB 


check 
0: 
JBe 
JBS 


set_cn_O: 
LOB 
ADD 
BR 


set_off 
0: 


-LDB 
ADD 


check 
1: 
JBe 
JBS 


set_cn_I: 
LOB 
ADD 
BR 


set_off_~~B 


ADD 


o 
STAT: 


extrn 
extrn 
extrn 
extrn 
extrn 
extrn 
extrn 


1 
HSO OFF 
0 
: ••••ord 


HSO-OFF-l 
: .•..ord 
HSO-OFF-2 
:word 
HSO-OFF-3 
: word 
HSO-CCM.MAND :byte 
IOS~ 
:byte 


HSO ON 
0 
HSO-ON-l 
HSO-ON-2 
HSO-ON-3 
HSO-TIME 
TIMERl 
SP 


:word 
:word 
:word 
:word 
: .•..ord 
:word 
:word 


public 
OLD STAT 
OLD STAT: 
- 
- 
dsb 
NEW-STAT: 
dsb 


For 
opperation 
with 
interrupts 
'store 
stat:' 
.•..ould 
be 
the 
entry 
point 
of 
the 
routine. 
- 
Note 
that 
a 
01 
or 
PUSHF 
might 
have 
to 
be 
added. 


NEW STAT, 
1050, 
• OFH 
OLD::::STAT, 
NEW_STAT 
wait 
OLD_STAT, 
NEW_STAT 


HSO CCM.MAND, • 001100008 
HSO-TIME, 
TIMERl, 
HsO_OFF 
0 
check_l 


Set 
HSO 
for 
timerl, 
set 
pin 
0 


Time 
to 
set 
pin:: 
Timerl 
value 
+ Time 
for 
pin 
to 
be 
low 


Set 
HSO 
for 
timerl, 
clear 
pin 
0 
Time 
to 
clear 
pin 
:r 
Timerl 
value 


+ Time 
for 
pin 
to 
be 
high 


HSO CCM.MAND, ,00110001B 
HSO-TIME, 
TIMERl, 
HSO_OFF 
1 
check 
2 


Set 
HsO 
for 
timerl, 
set 
pin 
1 


Time 
to 
set 
pin:: 
Timerl 
value 


+ Time 
for 
pin 
to 
be 
low 


Set 
HSO 
for 
timer!, 
clear 
pin 
1 
Time 
to 
clear 
pin:: 
Timerl 
value 
+ Time 
for 
pin 
to 
be 
high 


00'" 
004A 320017 
0040 
JACIOa 


0050 
0050 813200 
0053 
470100000000 
0059 
2009 


0058 
0058 a11200 
005E 
470100000000 


0064 
0064 
330017 
0067 3aOl08 


006A 
006A 813300 
0060 470100000000 
0073 
2009 


0075 
0075 a11300 
0078 
470100000000 


check 
2: 


- 
JBe 
JBS 


set_oo_2: 
LOB 
ADD 
BR 


set_off 
2: 
-LOB 


ADO 


check 
3: 
- 
JBe 
JBS 


set_on_3: 
LOB 
ADD 
BR 


set_off 
3: 
-LOB 


ADD 


RSO 
CC»otMAND, '001100108 
HSO-TIME, 
TIMERl. 
RSO_OFF 
2 
check_3 


HSO 
CCfolMAND, 
'001100118 
HSO-TIME, 
TIMERl, 
HSO 
OFF 
3 
check_done 
- 


Set 
HSOfor 
timed, 
set 
pin 
2 
Time to 
set 
pin'" 
Timerl 
value 
+ Time for 
pin 
to be low 


Set 
HSOfor 
timerl, 
clear 
pin 
2 
Time to clear 
pin 
- Timerl 
value 
+ Time for 
pin 
to be high 


Set 
HSO for 
timerl, 
set 
pin 
3 
Time to 
set 
pin 
= Time!::l value 
+ Time for 
pin 
to be low 


Set 
HSOfor 
timerl, 
clear 
pin 
3 
Time to 
clear 
pin'" 
Timerl 
value 
+ Time for 
pin 
to be high 


3.10. 
EXAMPLE-3 
MEASURING 
PULSES 
WITH THE HSI UNIT 


SOURCE 
FILE: 
:Fl: 
PULSEX.SRC 
OBJECT 
FILE: 
:F!: 
PULSEX 
.OBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CCJ.1MAND: 
NQSB 
DEBUG 


OOOA 
OOOA 
OOOB 


OOOC 
OOOC 
0000 


0000 
AIC00018 


0004 
Bl0115 


0007 
BI0F03 


OOOA 44020004 


OOOE 3716F9 


0011 
B0060A 


OOlA 
C0080C 


0010 
48060800 


0021 
27E7 


0023 
C0060C 


0026 
48080602 


002A 
270E 


LINE 
SOURCE STATEMENT 
1 
$TITLE 
('MEASURING 
PULSES 
USING 
THE 
H5I 
UNIT' 
) 
2 
$PAGELENGTH (951 
3 
4 
This 
program 
measures 
pulsewidths 
in 
TIMERl 
cycles 
5 
and 
retuns 
the 
values 
in 
external 
RAM. 
6 
7 
8 
SP 
equ 
18H 
9 
R5I 
MODE 
equ 
03H 


10 
RSI-STATUS 
equ 
06H 


11 
R5I-TIME 
equ 
04H 
12 
TIMERl 
equ 
OAH 
13 
lOCO 
equ 
15H 
14 
IoSI 
equ 
16H 
15 
16 
17 
rseg 
18 
19 
HIGH 
TIME: 
dsw 
20 
LOW 
TIME: 
dsw 


21 
PERIOD: 
dsw 


22 
HI 
EDGE: 
dsw 
23 
LO=:EDGE: 
dsw 


24 
25 
26 
AX: 
dsw 
1 
27 
AL 
equ 
AX 
:byte 
28 
AH 
equ 
(AX+l) 
:byte 
29 
30 
BX: 
dsw 
"I 


31 
BL 
equ 
BX 
:byte 


32 
BU 
equ 
(BX+l) 
:byte 
Note 
that 
'BH' 
is 
an 
opcode 
so 
it 


33 
can't 
be 
used 
as 
a label 
34 
35 
cseg 
36 
37 
LO 
SP, 
IOCOH 
38 
LOB 
lOCO, 
100000001B 
, Enable 
HSI 
0 


39 
LOB 
HSI _MODE, 
100001111B 
, HSI 
0 look 
for 
either 
edge 
40 
R 
41 
wait: 
ADD 
PERIOD, 
HIGH_TIME, 
LOW_TIME 
42 
43 
JBC 
IoSl, 
7, 
wait 
, Wait 
while 
no pulse 
is 
entered 


44 
R 
45 
LOB 
AL, 
HSI _STATUS 
Load 
sta tus; 
Note 
that 
reading 
46 
R5I_TIME clears 
HSI _STATUS 
47 
R 
48 
LO 
BX, 
RSI_TIME 
Load 
the 
HSI _TIME 
49 
R 
50 
JBS 
AL, 
I, 
hsi,_ hi 
Jump 
if 
HSI.O 
is 
high 
51 
R 
52 
hsi _10: 
ST 
BX, 
LO EDGE 
R 
53 
SUB 
HIGH_TIME, 
LO_EDGE, 
HI _EDGE 


54 
BR 
wait 


55 
56 
R 
57 
hsi -hi: 
ST 
BX, 
HI 
EDGE 
R 
58 
SUB 
LOW TIME, 
HI _EDGE, 
LO_EDGE 
59 
BR 
wait 
60 
61 
END 


3.11. 
EXAMPLE-4 
SCANNING 
THE AID 


CHANNELS 


SOURCE FILE: 
:Fl:ATODX.SRC 
OBJECT FILE: 
:Fl:ATOoX.OBJ 
CONTRO:t.S SPECIFIED 
IN 
INVOCATION 
CCMMAND: 
Nose 
DEBUG 


0000 
0000 
0002 
0004 
0006 


0000 


0000 
0000 
0001 


0002 
0002 
0003 


0004 
0004 
0005 


0000 
A1C00018 
0004 
AO0002 


0007 
910802 
OOOA B00202 
0000 
710702 


LINE 
SOURCE 
STATEMENT 
1 
$TITLE 
(I SCANNING 
THE 
A 
TO o 
CHANNELS') 
2 
$PAGELENGTH(95) 
3 
4 
This 
prog 
ram 
scans 
A 
to 
D 1ines 
0 
through 
3 and 
stores 
the 
5 
results 
in 
RESULT_N 
6 
7 
AD 
RESULT 
LO 
equ 
02 
8 
AD-RESULT-HI 
equ 
03 
9 
AO=CCMMAND 
equ 
02 
10 
SP 
equ 
18H 
11 
12 
13 
dseg 
14 
15 
RESULT_TABLE: 
16 
RESULT -1: 
dsw 
17 
RESULT 
2: 
dsw 
18 
RESULT -3: 
dsw 
19 
RESULT -4: 
dsw 
20 
- 
21 
rseg 
22 
23 
AX: 
dsw 
1 
24 
AL 
equ 
AX 
:byte 
25 
AH 
equ 
(AX+l) 
:byte 
26 
27 
ex: 
dsw 
1 
28 
BL 
equ 
BX 
:byte 
29 
BU 
equ 
(BX+l) 
:byte 
Note 
that 
'BH 
I 
is 
an opcode 
so 
it 
30 
can't 
be 
used 
as 
a 
label 
31 
32 
33 
OX: 
dsw 
1 
34 
oL 
equ 
ox 
:byte 
35 
OH 
equ 
(OX+l) 
:byte 
36 
37 
38 
cseg 
39 
40 
41 
start: 
Lo 
SP, 
'OCOH 
Se t Stack 
Pointer 
R 
42 
Lo 
BX, 
OOH 
Use 
the 
zero 
register 
43 
R 
44 
next: 
ORB 
BL, 
11000B 
Start 
conversion 
on channel 
R 
45 
LOB 
AD 
CCMMAND, 
BL 
indicated 
by 
BL 
register 
R 
46 
ANOB 
BL~ 
10111B 


47 
48 
NOP 
: Wait 
for 
conversion 
to 
start 
49 
50 
check: 
JBS 
AD_RESULT_LO, 
3, 
check 
: Wait 
while 
"'-to 
o is 
busy 
51 


0014 
B00200 
R 
52 
LOB 
AL, 
AD 
RESULT 
LO 
Load 
10 •••••order 
result 
0017 
B00301 
R 
53 
LOB 
AH, 
AO:=RESULT:=HI 
Load 
high 
order 
result 
54 
OOlA 
54020204 
R 
55 
AOOB 
DL, 
BL. 
BL 
OL=BL*2 
001E 
AC0404 
R 
56 
LOBZE 
DX, 
oL 
0021 
C304000000 
R 
57 
ST 
AX, 
RESULT_TABLE 
[OX} 
Store 
result 
indexed 
by 
BL*2 
58 
0026 
1702 
R 
59 
INCB 
BL 
0028 
710302 
R 
60 
ANOB 
BL, 
'03H 
61 
0028 
270A 
62 
BR 
next 
63 
0020 
64 
END 


ASSEMBLY 
CCMPLETED, 
NO ERROR{S) 
FOUND. 


3.12. 
EXAMPLE-5 
TABLE 
LOOKUP-AND 


INTERPOLATION 


SOURCE 
FILE: 
:Fl: 
INTERX.SRC 


OBJECT 
FILE: 
:Fl: 
INTERX.OBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CCMMAND: 
NOSB 
DEBUG 


0000 


0000 
0000 
0001 


0002 


0002 
0003 


0004 
0006 
0008 
OoOA 


OOOA 
OOOC 
OOOE 
0010 


0004 
B00400 


0007 
180300 
OoOA 
7lPEOO 
0000 
ACOOOO 


OOlA 4806080C 


DOle 
510P040A 
0022 
BCOAOA 


0025 
PE4COCOA10 
002A 
PEB01000l0 


002P 
4406100E 


SOURCE 
STATEMJ:.'NT 


$TITLE 
(. TABLE 
LOOKUP 
AND 
INTERPOLATION 
') 


$PAGELENGTH 
(95) 


cseg 


start: 
LD 


look: 
L08 
SURB 
ANDB 
LDBZE 


LO 


LD 


SUB 


ANDB 
LDBSE 


MUL 
OIV 


labl: 
ADD 


SBR 


This 
program 
uses 
a lookup 
table 
to 
generate 
12-bit 
function 
values 


using 
8-bit 
input 
values. 
The 
table 
is 
16 bytes 
long 
and 
16 bits 
wide. 
A linear 
interpolation 
is 
made using 
the 
following 
fomula: 


TABLE_HIGH 
- 
TABLE_LOW 
OUT 
- 
TABLE_LOW 


16 
IN_DIF 


1 
AX 
:byte 


(AX+l) 
:byte 


1 
ax 
:byte 
(BX+l) 
:byte 


IN 
VAL: 
TABLE 
LOW: 
TABLE-HIGH: 
IN 
OIf: 
IN-DIFB 
TAB 
DIF: 


OUT: 
OUT_DIF: 


dsb 
1 
dsw 
1 
dsw 
1 
dsw 
1 
equ 
IN _DIF 
: byte 
dsw 
1 
dsw 
1 
dsl 
1 


AL, 
IN 
VAL 
AL, .3- 
AL, t 111111108 
AX, 
AL 


TABLELOWis 
table 
output 
value 
of 
IN-Vl\L rounded 
down to 
the 
nearest 
multiple 
of 
IOU. 


TABLE_HIGH, (TABLE+2) (AX) 
: TABLEHIGH is 
the 
table 
output 
: value 
of 
IN VAL rounded 
up to 
the 
: nearest 
multiple 
of 
10H. 


TAB_DIF, TABLE_HIGH, TABLE_LOW 


IN DIFB, 
IN VAL, tOFU 
IN=DIF, 
IN_DIFB 


OUT DIF, 
IN DIP, 
TAB_DIF 


OUT:DIP, 
tl-r 


OUT, 
OUT_DIF, 
TABLE_LOW 
Add output 
difference 
to 
output 


generated 
with 
truncated 
IN VAL 


as 
input 
- 


Round 
to 
l2-bit 
answer 


ERR 
LOC 
OBJECT 
0036 
0307 
0038 
070£ 
OOlA C30100000E 


0042 
000000200034004C 
004A 
0050006A00720078 


0052 
0078007000760060 


005A 
005D004B00340022 


0062 
0010 


TABLE 
LOOKUP 
AND 
INTERPOLATION 


LINE 
SOURCE 
STATfMENT 
82 
JNC 
lab2 
R 
83 
INC 
OOT 
R 
84 
ST 
OUT, 
RESULT 
85 
86 
lab2: 
SR 
look 
87 
88 
89 
cseg 
90 
91 
table: 
DCW 
oOooH, 
2000H, 
3400H, 
4COOH 
92 
DeW 
5000H, 
6A008, 
7 200H, 
78008 
93 
DCW 
7B008, 
7D00H, 
76008, 
60008 
94 
DeW 
50008, 
4BOOH, 
34008. 
22008 
95 
DeW 
1000H 
96 
97 
ENO 


3.13. 
DETAILED 
INSTRUCTION 
SET 
DESCRIPTION 


This section gives a description 
of each instruction 
rec- 


ognized 
by the 8096 sorted 
alphabetically 
by the mne- 
monic used in the assembly 
language 
for the 8096. Note 
that the effect on the program counter (PC) is not always 
shown in the instruction 
descriptions. 
All instructions 
in- 


crement the PC by the number of bytes in the instruction. 
Several acronynms 
are used in the instruction 
set descrip- 
tions which are defined here: 


88. A two bit field within 
an opcode 
which selects the 
basic addressing 
mode user. This field is only present in 
those opcodes 
which 
allow address 
mode options. 
The 
encoding 
of the field is as follows: 


aa 
Addressing 
mode 


00 
Register direct 


01 
Immediate 


10 
Indirect 


II 
Indexed 


The selection between 
indirect and indirect with auto-in- 


crement or between short and long indexing is done based 
on the least significant 
bit of the instruction 
byte which 
follows the opcode. 
This type selects the 16-bit register 


which is to take part in the address calculation. 
Since the 


8096 requires that words be aligned on even byte bound- 
aries this bit would be otherwise 
unused. 


breg. 
A byte register 
in the internal register 
file. When 


confusion 
could exist as to whether this field refers to a 
source or a destination 
register it will be prefixed with an 


"S" or a "D." 


baop. 
A byte operand 
which is addressed 
by any of the 
address modes discussed 
in section 3.2. 
- 


bitno. A three bit field within an instruction op-code which 
selects one of the eight bits in a byte. 


wreg. 
A word register in the internal register file. When 
confusion 
could exist as to whether this field refers to a 
source register or a destination 
register it will be prefixed 


with an "S" 
or a "D." 


waop. 
A word operand which is addressed 
by any of the 


address modes discussed 
in section 3.2. 


BEA. 
Extra bytes of code required 
for the address mode 


selected. 


CEA. 
Extra state times (cycles) required 
for the address 


mode selected. 


Flag 
Settings. 
The 
modification 
to the flag setting 
is 


shown for each instruction. 
A checkmark 
(/) 
means that 


the flag is set or cleared as appropriate. 
A hyphen means 


that the flag is not modified. 
A one or zero (I) or (0) 


indicates that the flag will be in that state after the instruc- 
tion. An up arrow ( i)indicates that the instruction 
may 


set the flag if it is appropriate 
but will not clear the flag. 


A down arrow ( t ) indicates that the flag can be cleared 
but not set by the instruction. 
A question mark (?) indicates 


that the flag will be left in an indeterrninant 
state after the 


operation. 


Generic 
Jumps 
and Calls. 
The assembler 
for the 8096 


provides 
for generic jumps 
and calls. For all of the con- 


ditional jump 
instructions 
a "B" 
can be substituted 
for 


the "J" 
and the assembler 
will generate a code sequence 


which is logically 
equivalent 
but can reach anywhere 
in 


the memory. 
A JH can only jump 
about 
128 locations 


from the current program 
counter; 
a BH can jump 
any- 
where in memory. 
In a like manner 
a BR will cause a 


SJMP or UMP 
to be generated as appropriate 
and a CALL 


will cause 
a SCALL 
or LCALL 
to be generated. 
The 


assembler user guide (see section 3.0) should be consulted 
for the algorithms 
used by the assembler 
to convert these 


generic instructions 
into actual machine instructions. 


Operation: 
The sum of the two word operands 
is stored into the destination 


(leftmost) operand. 


(DEST) -- (DEST) 
+ (SRC) 


Assembly 
Language 
Format: 
DST 
SRC 
ADD 
wreg, 
waop 


Object Code Format: 
[ 
011001 aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
The sum of the second and third word operands is stored into the 
destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SRC1 
SRC2 
ADD 
Dwreg, 
Swreg, 
waop 


Object Code Format: 
[ 
010001 aa 
1 [ 
waop 
1 [ 
Swreg 
1 [ 
Dwreg 
1 


Bytes: 
3+BEA 
States: 5 + CEA 


Operation: 
The sum of the two byte operands 
is stored into the destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SRC 
ADDB 
breg, 
baop 


Object Code Format: 
[ 
011101 aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
The sum of the second and third byte operands is stored into the 
destination 
(leftmost) operand. 


DST 
SRC1 
Dbreg, 
Sbreg, 
SRC2 
baop 


Object Code Format: 
[ 
010101 aa 
1 [ 
baop 
1 [ 
Sbreg 
1 [ 
Dbreg 
1 


Bytes: 
3 + BEA 
States: 5 + CEA 


Operation: 
The sum of the two word operands 
and the carry flag (0 or 1) is 
stored into the destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SRC 
AD DC 
wreg, 
waop 


Object Code Format: 
[ 
101001 aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + BEA 


Operation: 
The sum of the two byte operands 
and the carry flag (0 or 1) is 
stored into the destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SRC 
ADDCB 
breg, 
baop 


Object Code Format: 
[ 
101101 aa 
1 [ 
baop 
1 [ 
breg 


Bytes: 
2 + BEA 
States: 4+CEA 


3.13.7. 
AND (Two Operands) 
- 
LOGICAL AND WORDS 


Operation: 
The two word operands are ANDed, the result having a 1 only in 
those bit positions where both operands 
had a 1, with zeroes in 


all other bit positions. 
The result is stored 
into the destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SRC 
AND 
wreg, 
waop 


Object Code Format: 
[ 
011000aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + SEA 
States: 4 + CEA 


Operation: 
The second and third word operands are ANDed, the result having 
a 1 only in those bit positions where both operands 
had a 1, with 
zeroes in all other bit positions. The result is stored into the des- 
tination (leftmost) operand. 


(DEST) +- (SRC1) AND (SRC2) 


Assembly 
Language 
Format: 
DST 
SRC1 
SRC2 
AND 
Dwreg, 
Swreg, 
waop 


Object Code Format: 
[ 
010000aa 
1 [ 
waop 
1 [ 
Swreg 
1 [ 
Dwreg 
1 


Bytes: 
3 + BEA 
States: 5 + CEA 


Operation: 
The two byte operands 
are ANDed, the result having a 1 only in 


those bit positions where both operands 
had a 1, with zeroes in 


all other bit positions. 
The result is stored 
into the destination 


(leftmost) operand. 


(DEST) ~ 
(DEST) AND (SRC) 


Assembly 
Language 
Format: 
DST 
SRC 
ANDB 
breg, 
baop 


Object Code Format: 
[ 
011100aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The second and third byte operands are ANDed, the result having 
a 1 only in those bit positions where both operands 
had a 1, with 


zeroes in all other bit positions. The result is stored into the des- 
tination (leftmost) operand. 


DST 
SRC1 
Dbreg, 
Sbreg, 


SRC2 
baop 


Object Code Format: 
[ 
0101 OOaa 
1 [ 
baop 
1 [ 
Sbreg 
1 [ 
Dbreg 
1 


Bytes: 
3 + BEA 
States: 5 + CEA 


Operation: 
The execution continues at the address specified in the operand 
word register. 


Object Code Format: 
[ 
11100011 
) [wreg) 


Bytes: 
2 
States: 8 


Object Code Format: 
[ 
00000001 
) [ 
wreg 
) 


Bytes: 
2 
States: 4 


Assembly 
Language 
Format: 
CLRB 
breg 


Object Code Format: 
[ 
00010001 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Operation: 
The value of the carry flag is set to zero. 


C <-0 


Assembly 
Language 
Format: 
CLRC 


Object Code Format: 
[ 
11111000 


Bytes: 
1 
States: 4 


Assembly 
Language 
Format: 
CLRVT 


Object Code Format: 
[ 
11111100 


Bytes: 
1 
States: 4 


Operation: 
The source (rightmost) word operand is subtracted from the des- 
tination 
(leftmost) 
word operand. 
The flags are altered 
but the 


operands remain unaffected. The carry flag is set as complement 
of borrow. 


Assembly 
Language 
Format: 
DST 
SRC 
CMP 
wreg, 
waop 


Object Code Forn'lat: 
[ 
10001 Oaa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2+BEA 
States: 4 + CEA 


Operation: 
The source (rightmost) 
byte operand is subtracted 
from the des- 
tination 
(leftmost) 
byte operand. 
The flags are altered 
but the 
operands remain unaffected. The carry flag is set as complement 
of borrow. 


Assembly 
Language 
Format: 
DST 
SRC 
CMPB 
breg, 
baop 


Object Code Format: 
[ 
10011 Oaa l[ baop l[ breg l 


Bytes: 
2+BEA 
States: 4 + CEA 


Object Code Format: 
[ 
00000101 
l[ wreg l 


Bytes: 
2 
States: 4 


Object Code Format: 
[ 
00010101 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Operation: 
Interrupts 
are disabled. 
Interrupt-calls 
will not occur 
after this 


instruction. 


Interrupt Enable (PSW.9) ~ 0 


Assembly 
Language 
Format: 
01 


Object Code Format: 
[ 
11111010 


Bytes: 
1 
States: 4 


Operation: 
This instruction 
divides 
the contents 
of the destination 
LONG- 


INTEGER 
operand 
by the contents 
of the INTEGER 
word oper- 


and, using signed arithmetic. The low order word of the destination 
(Le., the word with the lower address) 
will contain the quotient; 


the high order word will contain the remainder. 


(low word DEST) ~ 
(DEST) I (SRC) 
(high word DEST) ~ 
(DEST) MOD (SRC) 


The above two statements 
are performed 
concurrently. 


Assembly 
Language 
Format: 
DST 
SRC 
DIV 
Ireg, 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
100011aa 
1 [ 
waop 
1 [ 
Ireq 
1 


Bytes: 
2 + BEA 
States: 
29 + CEA 


Operation: 
This instruction divides the contents of the destination 
INTEGER 


operand 
by the contents 
of the source SHORT-INTEGER 
oper- 


and, using signed arithmetic. The low order byte of the destination 
(Le. the byte with the lower address) will contain the quotient; the 
high order byte will contain the remainder. 


(low byte DEST) ~ 
(DEST) I (SRC) 
(high byte DEST) ~ 
(DEST) MOD (SRC) 


The above two statements 
are performed 
concurrently. 


Assembly 
Language 
Format: 
DST 
SRC 
DIVB 
wreg, 
baop 


Object Code Format: 
[ 
11111110 
1 [ 
100111 aa 1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 21 + CEA 


Operation: 
This instruction divides the contents of the destination 
DOUBLE- 


WORD operand 
by the contents of the source WORD operand, 


using unsigned 
arithmetic. 
The low order word will contain 
the 


quotient; the high order byte will contain the remainder. 


(low word DEST) +- (DEST) / (SRC) 
(high word DEST) +- MOD (SRC) 
The above two statements 
are performed 
concurrently. 


Assembly 
Language 
Format: 
DST 
SRC 
DIVU 
Ireg, 
waop 


Object Code Format: 
[ 
100011 aa 
1 [ 
waop 
1 [ 
Ireq 
1 


Bytes: 
2+BEA 
States: 
25 + CEA 


Operation: 
This instruction 
divides 
the contents 
of the destination 
WORD 


operand by the contents of the source BYTE operand, using un- 
signed arithmetic. 
The low order byte of the destination 
(Le., the 


byte with the lower address) 
will contain the quotient; 
the high 


order byte will contain the remainder. 


(low byte DEST) +- (DEST) / (SRC) 
(high byte DEST) +- (DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


Assembly 
Language 
Format: 
DST 
SRC 
DIVUB 
wreg, 
baop 


Object Code Format: 
[ 
100111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
17 + CEA 


Operation: 
The value of the byte operand is decremented 
by 1. If the result 
is not equal to 0, the distance from the end of this instruction 
to 


the target 
label is added to the program 
counter, 
effecting 
the 


jump. The offset from the end of this instruction to the target label 
must be in the range of - 128 to + 127. If the result of the dec- 
rement 
is zero 
then 
control 
passes 
to the 
next 
sequential 
instruction. 


(COUNT) ~ 
(COUNT) - 
1 
if (COUNT) < > 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


end_if 


Assembly 
Language 
Format: 
DJNZ 
breg,cadd 


Object Code Format: 
[ 
11100000 
] [ 
breg 
] [ 
disp 
] 


Bytes: 
3 
States: Jump Not Taken: 5 
Jump Taken: 
9 


Operation: 
Interrupts 
are enabled following 
the execution 
of the next state- 


ment. 
Interrupt-calls 
cannot 
occur 
immediately 
following 
this 


instruction. 


Interrupt Enable (PSW.9) ~ 
1 


Assembly 
Language 
Format: 
EI 


Object Code Format: 
[ 
11111011 


Bytes: 
1 
States: 4 


Operation: 
The low order word of the operand 
is sign-extended 
throughout 


the high order word of the operand. 


if (low word DEST)<8000H 
then 
(high word DEST) ~ 0 
. 


else 
(high word DEST) ~ 
OFFFFH 
end_if 


Object Code Format: 
[ 
00000110 
l[ Ireg l 


Bytes: 
2 
States: 4 


Operation: 
The low order byte of the operand 
is sign-extended 
throughout 


the high order byte of the operand. 


if (low byte DEST)<80H 
then 
(high byte DEST) ~ 0 
else 
(high byte DEST) ~ 
OFFH 
end_if 


Object Code Format: 
[ 
00010110 
l[ wreg l 


Bytes: 
2 
States: 4 


Object Code Format: 
[ 
00000111 
1 [ 
wreg 
1 


Bytes: 
2 
States: 4 


Assembly 
Language 
Format: 
INCB 
breg 


Object Code Format: 
[ 
00010111 
1[ 
breg 
1 


Bytes: 
2 
States: 4 


Operation: 
The specified bit is tested. If it is clear (Le., 0), the distance from 
the end of this instruction 
to the target label is added to the pro- 
gram counter, effecting the jump. The offset from the end of this 
instruction 
to the target 
label must be in the range of - 128 to 
+ 127. If the bit is set (Le., 1), control passes to the next sequential 
instruction. 


if (specified bit) = 0 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JBC 
breg,bitno,cadd 


Bytes: 
3 
States: Jump Not Taken: 5 
Jump Taken: 
9 


Operation: 
The specified 
bit is tested. 
If it is set (Le., 1), the distance 
from 


the end of this instruction 
to the target label is added to the pro- 


gram counter, effecting the jump. The offset from the end of this 
instruction 
to the target label must be in the range of - 128 to 


+ 127. If the bit is clear (Le., 0), control passes to the next se- 
quential instruction. 


if (specified 
bit) '= 1 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JBS 
breg,bitno,cadd 


Bytes: 
3 
States: Jump Not Taken: 5 
Jump Taken: 
9 


Operation: 
If the carry flag is set (Le., 1), the distance 
from the end of this 


instruction 
to the target 
label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 


the target 
label must be in the range of - 128 to + 127. If the 


carry flag is clear (Le., 0), control passes to the next sequential 
instruction. 


if C = 1 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JC 
cadd 


Object Code Format: 
[ 
11011011 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the zero flag is set (i.e., 1), the distance 
from the end of this 
instruction 
to the target 
label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of - 128 to + 127. If the zero 
flag 
is clear 
(i.e., 
0), control 
passes 
to the 
next 
sequential 
instruction. 


if Z = 1 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JE 
cadd 


Object Code Format: 
[ 
11011111 
] [ 
disp 
] 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the negative flag is clear (i.e., 0), the distance from the end of 
this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 
the target 
label must be in the range of - 128 to + 127. If the 
negative flag is set (i.e., 1), control passes to the next sequential 
instruction. 


if N = 0 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JGE 
cadd 


Object Code Format: 
[ 
11010110 
][ 
disp 
] 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If both the negative flag and the zero flag are clear (Le., 0), the 
distance from the end of this instruction to the target label is added 
to the program 
counter, effecting 
the jump. The offset from the 
end of this instruction 
to the target label must be in the range of 
-128 
to + 127. If either the negative flag or the zero flag are set 
(Le., 1,) control passes to the next sequential 
instruction. 


if N = 0 AND Z = 0 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JGT 
cadd 


Object Code Format: 
[ 
11010010 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the carry flag is set (Le., 1), but the zero flag is not, the distance 
from the end of this instruction 
to the target label is added to the 
program counter, effecting the jump. The offset from the end of 
this instruction 
to the target label must be in the range of - 128 
to + 127. If either the carry flag is clear or the zero flag is set, 
control passes to the next sequential 
instruction. 


if C = 1 and Z = 0 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JH 
cadd 


Object Code Format: 
[ 
11011001 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If either the negative 
flag or the zero flag are set (Le., 1), the 


distance from the end of this instruction to the target label is added 
to the program counter, effecting 
the jump. The offset from the 


end of this instruction to the target label must be in the range of 
- 128 to + 127. If both the negative 
flag and the zero flag are 


clear (Le, 0), control passes to the next sequential 
instruction. 


if N = 1 OR Z = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JLE 
cadd 


Object Code Format: 
[ 
11011010 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the negative flag is set (Le., 1), the distance 
from the end of 


this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 


the target label must be in the range of -128 
to + 127. If the 


negative flag is clear (Le., 0), control passes to the next sequential 
instruction. 


if N = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JLT 
cadd 


Object Code Format: 
[ 
11011110 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the carry flag is clear (Le., 0), the distance from the end of this 
instruction 
to the target 
label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of - 128 to + 127. If the 
carry flag is set (Le., 1), control 
passes to the next sequential 
instruction. 


if C = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Object Code Format: 
[ 
11010011 
] [ 
disp 
] 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the zero flag is clear (Le., 0), the distance from the end of this 
instruction 
to the target label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 


the target label must be in the range of - 128 to + 127. If the zero 
flag is set (Le., 1), control passes to the next sequential instruction. 


if Z = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNE 
cadd 


Object Code Format: 
[ 
11010111] [ 
disp 
] 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If either the carry flag is clear (i.e., 0), or the zero flag is set (i.e., 
1), the distance from the end of this instruction to the target label 
is added to program counter, effecting the jump. The offset from 
the end of this instruction to the target label must be in the range 
of -128 
to + 127. If the carry flag is set (i.e., 1), or the zero flag 
is not, control passes to the next sequential 
instruction. 


if C = 0 OR Z = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNH 
cadd 


Object Code Format: 
[ 
11010001 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the sticky bit flag is clear (i.e., 0), the distance from the end of 
this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of - 128 to + 127. If the 
sticky bit flag is set (i.e., 1), control passes to the next sequential 
instruction. 


if ST = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNST 
cadd 


Object Code Format: 
[ 
11010000 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the overflow flag is clear (Le., 0), the distance from the end of 
this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of - 128 to + 127. If the 
overflow 
flag is set (Le., 1), control 
passes 
to next sequential 
instruction. 


if V = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNV 
cadd 


Object Code Format: 
[ 
11010101 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the overflow trap flag is clear (Le., 0), the distance from the end 
of this instruction 
to the target 
label is added to the program 
counter, 
effecting 
the jump. The offset from the end of this in- 
struction 
to the target 
label must be in the range of 
-128 
to 
+ 127. If the overflow trap flag is set (Le., 1), control passes to 
the next sequential 
instruction. 


if VT = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNVT 
cadd 


Object Code Format: 
[ 
11010100 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 
4 
Jumps Taken: 
8 


Operation: 
If the sticky bit flag is set (Le., 1), the distance 
from the end of 


this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 


the target 
label must be in the range of -128 
to + 127. If the 


sticky bit flag is clear (Le., 0), control passes to the next sequential 
instruction. 


if ST = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JST 
cadd 


Object Code Format: 
[ 
11011000 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the overflow flag is set (Le., 1), the distance from the end of this 
instruction 
to the target 
label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 


the target 
label must be in the range of -128 to + 127. If the 


overflow flag is clear (Le., 0), control passes to the next sequential 
instruction. 


if V = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JV 
cadd 


Object Code Format: 
[ 
11011101 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the overflow flag is set (i.e., 1), the distance from the end of this 
instruction 
to the target 
label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of - 128 to + 127. If the 
overflow 
trap flag is clear 
(i.e., 0), control 
passes 
to the next 
sequential 
instruction. 


if VT = 1 then 
PC - 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JVT 
cadd 


Object Code Format: 
[ 
11011100 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
The 
contents 
of the 
program 
counter 
(the return 
address) 
is 
pushed onto the stack. Then the distance 
from the end of this 
instruction 
to the target 
label is added to the program 
counter, 


effecting the call. The operand may be any address in the entire 
address space. 


SP -SP-2 
(SP) -PC 
PC - 
PC + disp 


Assembly 
Language 
Format: 
LCALL 
cadd 


Object Code Format: 
[ 
11101111 
1 [ 
disp-Iow 
1 [ 
disp-hi 
1 


Bytes: 
3 
States: Onchip stack: 13 
Offchip stack: 16 


Operation: 
The value of the source (rightmost) 
word operand 
is stored into 


the destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SRC 
LD 
wreg, 
waop 


Object Code Format: 
[ 
101OOOaa 1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The value of the source (rightmost) 
byte operand 
is stored into 


the destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SRC 
LDB 
breg, 
baop 


Object Code Format: 
[ 
1011 OOaa 1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation; 
The value of the source (rightmost) byte operand is sign-extended 
and stored into the destination 
(leftmost) word operand. 


(low byte DEST) +- (SRC) 
if (SRC) < 80H then 
(high byte DEST) +- 0 
else 
(high byte DEST) +- OFFH 
end_if 


Assembly 
Language 
Format; 
DST 
SRC 
LDBSE 
wreg, 
baop 


Object Code Format; 
[ 
101111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2+BEA 
States: 4 + CEA 


Operation: 
The value of the source (rightmost) byte operand is zero-extended 
and stored into the destination 
(leftmost) word operand. 


(low byte DEST) +- (SRC) 
(high byte DEST) +- 0 


Assembly 
Language 
Format: 
DST 
SRC 
LDBZE 
wreg, 
baop 


Object Code Format; 
[ 
101011 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The distance 
from the end of this instruction 
to the target label 


is added to the program counter, effecting the jump. The operand 
may be any address in the entire address space. 


PC ~ 
PC + disp 


Assembly 
Language 
Format: 
LJMP 
cadd 


Object Code Format: 
[ 
11100111 
] [ 
disp-Iow 
1 [ 
disp-hi 
1 


Bytes: 
3 
States: 8 


Operation: 
The two INTEGER 
operands 
are mUltiplied using signed 
arith- 


metic and the 32-bit result is stored into the destination 
(leftmost) 


LONG-INTEGER 
operand. 
The sticky bit flag is undefined 
after 


the instruction 
is executed. 


Assembly 
Language 
Format: 
DST 
SRC 
MUL 
Ireg, 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
011011 aa 
1[ 
waop 
1[ 
Ireg 
1 


Bytes: 
3 + BEA 
States: 
29 + CEA 


Operation: 
The second 
and third INTEGER 
operands 
are multiplied 
using 


signed arithmetic and the 32-bit result is stored into the destination 
(leftmost) INTEGER operand. The sticky bit flag is undefined after 
the instruction 
is executed. 


(DEST) ~ 
(SRC1) • (SRC2) 


DST 
SRC1 
SRC2 
Ireg, 
wreg, 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
010011aa 
1 [ 
waop 
] [ 
wreg 
] [ 
Ireg 
1 


Bytes: 
4 + BEA 
States: 30 + CEA 


Operation: 
The two SHORT-INTEGER 
operands are multiplied using signed 


arithmetic and the 16-bit result is stored into the destination 
(left- 


most) INTEGER operand. The sticky bit flag is undefined after the 
instruction 
is executed. 


Assembly 
Language 
Format: 
DST 
SRC 
MULB 
wreg, 
baop 


Object Code Format: 
[ 
11111110 
] [ 
011111 aa 
] [ 
baop 
] [ 
wreg 
] 


Bytes: 
3 + BEA 
States: 21 + CEA 


3.13.58. 
MULa 
(Three Operands) 
- 
MULTIPLY SHORT-INTEGERS 


Operation: 
The second and third SHORT-INTEGER 
operands are multiplied 
using signed 
arithmetic 
and the 16-bit result is stored 
into the 


destination 
(leftmost) 
INTEGER 
operand. 
The sticky 
bit flag is 


undefined 
after the instruction 
is executed. 


Assembly 
Language 
Format: 
DST 
MULB 
wreg, 


SRC1 
breg 
SRC2 
baop 


Object Code Format: 
[ 
11111110 
] [ 
010111 aa 
] [ 
baop 
] [ 
breg 
] [ 
wreg 
] 


Bytes: 
4 + BEA 
States: 22 + CEA 


Operation: 
The two WORD operands are multiplied using unsigned arithmetic 
and the 32·bit result is stored into the destination 
(leftmost) DOU- 


BLE-WORD 
operand. 
The sticky bit flag is undefined 
after the 


instruction 
is executed. 


Assembly 
Language 
Format: 
DST 
SRC 
MULU 
Ireg, 
waop 


Object Code Format: 
[ 
011011 aa 
] [ 
waop 
] [ 
Ireg 
] 


Bytes: 
2 + BEA 
States: 
25 + CEA 


Operation: 
The second and third WORD operands 
are multiplied 
using un- 


signed arithmetic and the 32-bit result is stored into the destination 
(leftmost) 
DOUBLE-WORD 
operand. The sticky bit flag is unde- 


fined after the instruction 
is executed. 


(DEST)< 
- 
(SRC1) • (SRC2) 


DST 
SRC1 
SRC2 
Ireg, 
wreg, 
waop 


Object Code Format: 
[ 
010011 aa l[ waop l[ wreg l[ Ireg l 


Bytes: 
3+BEA 
States: 
26 + CEA 


Operation: 
The two BYTE operands are multiplied using unsigned arithmetic 
and the WORD result is stored into the destination 
(leftmost) op- 


erand. 
The sticky 
bit flag is undefined 
after the instruction 
is 
executed. 


Assembly 
Language 
Format: 
DST 
SRC 
MULUB 
wreg, 
baop 


011111 aa 
l[ baop l[ wreg l 


Bytes: 
2+BEA 
States: 
17 + CEA 


Operation: 
The second 
and third BYTE operands 
are multiplied 
using un- 


signed arithmetic 
and the WORD result is stored into the desti- 


nation (leftmost) operand. The sticky bit flag is undefined after the 
instruction 
is executed. 


(DEST) +- (SRC1) * (SRC2) 


Assembly 
Language 
Format: 
DST 
SRC1 
SRC2 
MULUB 
wreg, 
breg, 
baop 


Object Code Format: 
[ 
010111aa 
][ 
baop 
][ 
breg 
][ 
wreg 
1 


Bytes: 
3 + BEA 
States: 
18 + CEA 


Z 
ST 
? 


Assembly 
Language 
Format: 
NEG 
wreg 


Object Code Format: 
[ 
00000011 
1 [ 
wreg 
1 


Bytes: 
2 
States: 4 


Object Code Format: 
[ 
00010011 
] [ 
breg 
] 


Bytes: 
2 
States: 4 


Assembly 
Language 
Format: 
NOP 


Object Code Format: 
[ 
11111101 


Bytes: 
1 
States: 4 


Operation: 
The LONG-INTEGER 
operand 
is normalized; 
i.e., it is shifted to 


the left until its most significant 
bit is 1. If the most significant 
bit 


is still 0 after 31 shifts, the process stops and the zero flag is set. 
The number of shifts actually performed 
is stored in the second 


operand. 


(COUNT) ~O 
do while (MSB(DEST) 
= 0) AND ((COUNT) < 31) 
(DEST) ~ 
(DEST) * 2 
(COUNT) ~ 
(COUNT) + 1 
end_while 


Object Code Format: 
[ 
00001111 
1 [ 
breg 
1 [ 
lreg 
1 


Bytes: 
3 
States: 8 + No. of shifts performed 


Operation: 
The value of the WORD 
operand 
is complemented: 
each 
1 is 


replaced with a 0, and each 0 with a 1. 


Assembly 
Language 
Format: 
NOT 
wreg 


Object Code Format: 
[ 
00000010 
1[ 
wreg 
1 


Bytes: 
2 
States: 4 


Operation: 
The value of the BYTE operand 
is complemented: 
each 1 is re- 


placed with a 0, and each 0 with a 1. 


Object Code Format: 
[ 
00010010 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Operation: 
The source (rightmost) 
WORD is ORed with the destination 
(left- 
most) WORD operand. 
Each bit is set to 1 if the corresponding 
bit in either the source operand 
or the destination 
operand 
is 1. 


The result replaces the original destination 
operand. 


Assembly 
Language 
Format: 
DST 
SRC 
OR 
wreg. 
waop 


Object Code Format: 
[ 
100000aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The source 
(rightmost) 
BYTE operand 
is ORed with the desti- 
nation (leftmost) 
BYTE operand. 
Each bit is set to 1 if the cor- 
responding 
bit in either the source 
operand 
or the destination 
operand 
was 
1. The 
result 
replaces 
the 
original 
destination 
operand. 


Object Code Format: 
[ 
1001OOaa 1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2+BEA 
States: 4 + CEA 


Operation: 
The word on top of the stack is popped and placed at the desti- 
nation operand. 


(DEST) ~ 
(SP) 
SP~SP 
+ 2 


Assembly 
Language 
Format: 
POP 
waop 


Object Code Format: 
[ 
110011 aa 
1 [ 
waop 
1 


Bytes: 
1 + BEA 
States: Onchip Stack: 12 + CEA 
Offchip Stack 
14 + CEA 


Operation: 
The word on top of the stack is popped and placed in the PSw. 
Interrupt calls cannot occur immediately 
following this instruction. 


(PSW) +- (SP) 
SP +-SP 
+ 2 


Assembly 
Language 
Format: 
POPF 


Object Code Format: 
[ 
11110011 


Bytes: 
1 
States: Onchip Stack: 9 
Offchip Stack: 13 


SP +- SP - 
2 
(SP) +- (DEST) 


Object Code Format: 
[ 
11001 Oaa 
] [ 
waop 
] 


Bytes: 
1+ BEA 
States: 
Onchip Stack: 8 + CEA 
Offchip Stack: 12 + CEA 


Operation: 
The PSW is pushed on top of the stack, and then set to all zeroes. 
This implies that all interrupts are disabled. 
Interrupt-calls 
cannot 


occur immediately 
following this instruction. 


SP ~SP 
- 
2 
(SP) ~PSW 
PSW~O 


Assembly 
Language 
Format: 
PUSHF 


Object Code Format: 
[ 
11110010 


Bytes: 
1 
States: Onchip Stack: 8 
Offchip Stack: 12 


PC ~(SP) 
SP~SP 
+ 2 


Assembly 
Language 
Format: 
RET 


Object Code Format: 
[ 
11110000 


Bytes: 
1 
States: 
Onchip Stack: 12 
Offchip Stack: 16 


Operation: 
The PSW is initialized to zero, and the PC is initialized to 2080H. 
The I/O registers are set to their initial value (see section 2.15.2, 
"Reset 
Status"). 
Executing this instruction 
will cause a pulse to 


appear on the reset pin of the 8096. 


PSW~O 
PC ~2080H 


Assembly 
Language 
Format: 
RST 


Object Code Format: 
[ 
11111111 


Bytes: 
1 
States: 
16 


Operation: 
The contents 
of the program 
counter 
(the return 
address) 
is 


pushed onto the stack. Then the distance 
from the end of this 


instruction 
to the target 
label is added to the program 
counter, 


effecting the call. The offset from the end of this instruction to the 
target label must be in the range of - 1024 to + 1023 inclusive. 


SP~SP-2 
(SP) ~PC 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
SCALL 
cadd 


Object Code Format: 
[ 
00101 xxx 
] [ 
disp-Iow 
] 


Bytes: 
2 
States: Onchip Stack: 13 
Offchip Stack: 16 


Operation: 
The carry flag is set. 


C~1 


Assembly 
Language 
Format: 
SETC 


Object Code Format: 
[ 
11111001 


Bytes: 
1 
States: 4 


Operation: 
The destination 
(leftmost) 
word operand 
is shifted left as many 


times as specified 
by the count (rightmost) 
operand. 
The count 


may be specified either as an immediate 
value in the range of 0 


to 15 inclusive, or as the content of any register, the address of 
which is 16 to 255. The' right bits of the result are filled with zeroes. 
The last bit shifted out is saved in the carry flag. 


Temp ~ 
(COUNT) 
do while Temp <>0 
C ~ 
High order bit of (DEST) 
(DEST) ~ 
(DEST)*2 
Temp ~ Temp - 
1 
end_while 


00001001 
J( 
cnt/breg 
J( 
wreg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted 
left as many 


times as specified 
by the count (rightmost) 
operand. 
The count 
may be specified either 'as an immediate 
value in the range of 0 
to 15 inclusive, or as the content of any register, the address of 
which is 16 to 255. The right bits of the result are filled with zeroes. 
The last bit shifted out is saved in the carry flag. 


Temp .- (COUNT) 
do while Temp <> 0 
C .- High order bit of (DEST) 
(DEST) .- (DEST)*2 
Temp.- 
Temp 
- 
1 
end_while 


SHLB 
breg,breg 


00011001 
I[ cnVbreg I[ breg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) double-word 
operand 
is shifted left as 


many times as specified 
by the count (rightmost) 
operand. 
The 


count may be specified either as an immediate value in the range 
of 0 to 15 inclusive, or as the content of any register, the address 
of which is 16 to 255. The right bits of the result are filled with 
zeroes. The last bit shifted out is saved in the carry flag. 


Temp <- (COUNT) 
do while Temp <> 0 
C <- High order bit of (DEST) 
(DEST) <- (DEST)*2 
Temp <- Temp 
- 
1 
end_while 


SHLL 
Ireg,breg 


00001101 
1 [ 
cnt/breg 
1 [ 
Ireg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) word operand 
is shifted right as many 


times as specified 
by the count (rightmost) 
operand. 
The count 


may be specified either as an immediate 
value in the range of 0 


to 15 inclusive, or as the content of any register, the address of 
which is 16 to 255. The left bits of the result are filled with zeroes. 
The last bit shifted out is saved to the carry. The sticky bit flag 
is cleared at the beginning of the instruction, 
and set if at any time 


during the shift a 1 is shifted first into the carry flag, and a further 
shift cycle occurs. 


Temp - 
(COUNT) 
do while Temp <> 0 
C - 
Low order bit of (DEST) 
(DEST) - 
(DEST) /2 where / is unsigned division 


Temp - 
Temp 
- 
1 
end_while 


SHR 
wreg,breg 


00001000 
1 [ 
cnt/breg 
1 [ 
wreg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) word operand is shifted right as many 
times as specified 
by the count (rightmost) 
operand. 
The count 
may be specified either as an immediate 
value in the range of 0 
to 15 inclusive, or as the content of any register, the address of 
which is 16 to 255. If the original high order bit value was 0, zeroes 
are shifted in. If the value was 1, ones are shifted in. The last bit 
shifted out is saved in the carry. The sticky bit flag is cleared at 
the beginning of the instruction, 
and set if at any time during the 
shift a 1 is shifted first into the carry flag, and a further shift cycle 
occurs. 


Temp ~ 
(COUNT) 
do while Temp <> 0 
C ~ 
Low order bit of (DEST) 
(DEST) ~ 
(DEST) / 2 where / is signed division 
Temp ~ Temp 
- 
1 
end_while 


SHRA 
wreg,breg 


Object Code Format: 
[ 
00001010 
1 [ 
cntlbreg 
1 [ 
wreg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted right as many 


times as specified 
by the count (rightmost) 
operand. 
The count 


may be specified either as an immediate 
value in the range of 0 


to 15 inclusive, or as the content of any register, the address of 
which is 16 to 255. If the original high order bit value was 0, zeroes 
are shifted in. If that value was 1, ones are shifted in. The last bit 
shifted out is saved in the carry. The sticky bit flag is cleared at 
the beginning of the instruction, 
and set if at any time during the 


shift a 1 is shifted first into the carry flag, and a further shift cycle 
occurs. 


Temp ~ 
(COUNT) 
do while Temp <> 0 
C, = Low order bit of (DEST) 
(DEST) ~ 
(DEST) 12 where lis signed division 


Temp ~ Temp 
- 
1 
end_while 


SHRAB 
breg,breg 


00011010 
l[ cnVbreg l[ breg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) double-word 
operand is shifted right as 


many times as specified 
by the count (rightmost) 
operand. 
The 


count may be specified either as an immediate value in the range 
of 0 to 15 inclusive, or as the content of any register, the address 
of which is 16 to 255. If the original high order bit value was 0, 
zeroes are shifted in. If the value was 1, ones are shifted in. The 
sticky bit is cleared at the beginning of the instruction, 
and set if 


at any time during the shift a 1 is shifted first into the carry flag, 
and a further shift cycle occurs. 


Temp ~ 
(COUNT) 


do while Temp < > 0 
C ~ 
Low order bit of (DEST) 
(DEST) ~ 
(DEST) /2 where/is 
signed division 
Temp ~ Temp 
- 
1 
end_while 


SHRAL 
Ireg,breg 


Object Code Format: 
[ 
00001110 
1 [ 
cnt/breg 
1[ 
Ireg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted right as many 
times as specified 
by the count (rightmost) 
operand. 
The count 


may be specified either as an immediate 
value in the range of 0 


to 15 inclusive, or as the content of any register, the address of 
which is 16 to 255. The left bits of the result are filled with zeroes. 
The last bit shifted out is saved in the carry. The sticky bit flag is 
cleared at the beginning of the instruction, 
and set if at any time 


during the shift a 1 is shifted first into the carry flag, and a further 
shift cycle occurs. 


Temp +- (COUNT) 
do while Temp < > 0 
C +- Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where/is 
unsigned division 


Temp +- Temp 
- 
1 
end_while 


00011000 
1[ 
cntlbreg 
1[ 
breg 
] 
. 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) double-word 
operand is shifted right as 
many times as specified 
by the count (rightmost) 
operand. 
The 
count may be specified either as an immediate value in the range 
of 0 to 15 inclusive, or as the content of any register, the address 
of which 
is 16 to 255. The left bits of the result are filled with 
zeroes. The last bit shifted out is saved in the carry. The sticky 
bit flag is cleared at the beginning of the instruction, 
and set if at 
any time during the shift a 1 is shifted first into the carry flag, and 
a further shift cycle occurs. 


Temp ~ 
(COUNT) 
do while Temp < > 0 
C ~ 
Low order bit of (DEST) 
(DEST) ~ 
(DEST) /2 where/is 
unsigned division 
Temp ~ Temp 
- 
1 
end_while 


SHRL 
Ireg,breg 


Object Code Format: 
[ 
00001100 
1 [ 
cntlbreg 
1 [ 
Ireg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The distance from the end of this instruction 
to the target 
label 


is added to the program counter, effecting 
the jump. The offset 


from the end of this instruction 
to the target label must be in the 


range of - 1024 to + 1023 inclusive. 


PC - 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
SJMP 
cadd 


Bytes: 
2 
States: 8 


Operation: 
Nothing is done. This is actually a two-byte NOP where the second 
byte can be any value, and is simply ignored. Control passes to 
the next sequential 
instruction. 


Object Code Format: 
[ 
00000000 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Operation: 
The value of the leftmost word operand is stored into the rightmost 
operand. 


Assembly 
Language 
Format: 
SAC 
DST 
ST 
wreg. 
waop 


Object Code Format: 
[ 
110000aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
The value of the leftmost byte operand is stored into the rightmost 
operand. 


Assembly 
Language 
Format: 
SAC 
DST 
STB 
breg. 
baop 


Object Code Format: 
[ 
110001 aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The source (rightmost) word operand is subtracted 
from the des- 
tination 
(leftmost) 
word operand, 
and the result is stored in the 
destination. 
The carry flag is set as complement 
of borrow. 


(DEST) +- (DEST) - 
(SRC) 


Assembly 
Language 
Format: 
DST 
SRC 
SUB 
wreg, 
waop 


Object Code Format: 
[ 
01101 Oaa 
][ 
waop 
][ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
The source (rightmost) word operand is subtracted from the sec- 
ond word operand, and the result is stored in the destination 
(the 
leftmost operand). The carry flag is set as complement 
of borrow. 


(DEST) +- (SRC1) - 
(SRC2) 


DST 
SRC1 
SRC2, 


wreg, 
wreg, 
waop 


Object Code Format: 
[ 
01001 Oaa 
1 [ 
waop 
1 [ Swreg 
1 [ Dwreg 
1 


Bytes: 
3 + BEA 
States: 
5+CEA 


Operation: 
The source 
(rightmost) 
byte is subtracted 
from the destination 


(leftmost) byte operand, and the result is stored in the destination. 
The carry flag is set as complement 
of borrow. 


Assembly 
Language 
Format: 
DST 
SRC 
SUBB 
breg, 
baop 


Object Code Format: 
[ 
011110aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


3.13.95. 
SUBB (Three Operands) 
- 
SUBTRACT 
BYTES 


Operation: 
The source (rightmost) 
byte operand is subtracted 
from the des- 


tination 
(leftmost) 
byte operand, 
and the result is stored in the 


destination. 
The carry flag is set as complement 
of borrow. 


Assembly 
Language 
Format: 
DST 
SUBB 
breg, 


SRC1 
Sbreg 
SRC2 
baop 


Object Code Format: 
[ 
01011 Oaa 
1 [ 
baop 
1 [Sbreg 
1 [ 
Dbreg 
1 


Bytes: 
3+BEA 
States: 5 + CEA 


Operation: 
The source (rightmost) word operand is subtracted from the des- 
tination (leftmost) word operand. 
If the carry flag was clear, 1 is 
subtracted from the above result. The result replaces the original 
destination 
operand. 
The carry 
flag 
is set as complement 
of 
borrow. 


Assembly 
Language 
Format: 
DST 
SAC 
SUBC 
wreg, 
waop 


Object Code Format: 
[ 
10101 Oaa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The source (rightmost) 
byte operand 
is subtracted 
from the des- 
tination 
(leftmost) 
byte operand. 
If the carry flag was clear, 1 is 
subtracted from the above result. The result replaces the original 
destination 
operand. 
The carry 
flag 
is set as complement 
of 
borrow. 


Assembly 
Language 
Format: 
DST 
SAC 
SUBCB 
breg, 
baop 


Object Code Format: 
[ 
10111 Oaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
This instruction causes an interrupt-call 
which is vectored through 
location 2010H. The operation 
of this instruction 
is not effected 
by the state of the interrupt enable flag in the PSW (I). Interrupt- 
calls cannot occur immediately 
following this instruction. 
This in- 
struction is intended for use by Intel provided development 
tools. 


These tools will not support 
user-application 
of this instruction. 


SP +-- SP - 
2 
(SP) +-- PC 
PC +-- (201 OH) 


Assembly 
Language 
Format: 
This instruction 
is not supported 
by revision 
1.0 of the 8096 as- 
sembly language. 


Object Code Format: 
[ 
11110111 l 


Bytes: 
1 
States: 
Onchip Stack: 21 
Offchip Stack: 24 


Operation: 
The source 
(rightmost) 
word operand 
is XORed with the desti- 
nation (leftmost) 
word operand. 
Each bit is set to 1 if the corre- 
sponding 
bit in either the source operand 
or the destination 
op- 
erand 
was 
1, but not both. 
The 
result 
replaces 
the 
original 
destination 
operand. 


Assembly 
Language 
Format: 
DST 
SRC 
XOR 
wreg, 
waop 


Object Code Format: 
[ 
100001 aa l[ waop l[ wreg l 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
The source 
(rightmost) 
byte operand 
is XORed 
with the desti- 


nation (leftmost) 
byte operand. 
Each bit is set to 1 if the corre- 


sponding 
bit in either the source operand 
or the destination 
op- 


erand 
was 
1, but not both. 
The 
result 
replaces 
the 
original 


destination 
operand. 


Assembly 
Language 
Format: 
DST 
SRC 
XORB 
breg, 
baop 


Object Code Format: 
[ 
100101 aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4 +CEA 
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CHAPTER 4 
MCS®-96 HARDWARE DESIGN INFORMATION 


4.0. HARDWARE 
INTERFACING 
OVERVIEW 


This section 
of the manual 
is devoted 
to the hardware 
engineer. 
All of the information 
you need to connect the 


correct pin to the correct external circuit is provided. 
Many 


of the special function 
pins have different 
characteristics 
which are under software control, therefore, 
it is necessary 
to define the system 
completely 
before the hardware 
is 
wired-up. 


Frequently 
within this section a specification 
for a current, 
voltage, or time period is referred to; the values provided 
are to be used as an approximation 
only. The exact spec- 


ification can be found in the latest data sheet for the par- 
ticular part and temperature 
range that is being used. 


4.1. 
REQUIRED 
HARDWARE 
CONNECTIONS 


Although the 8096 is a single-chip 
microcontroller, 
it still 


requires 
several 
external 
connections 
to make 
it work. 
Power must be applied, a clock source provided, 
and some 


form of reset circuitry 
must be present. 
We will look at 
each of these 
areas 
of circuitry 
separately. 
Figure 
4-5 


shows the connections 
that are needed for a single-chip 


system. 


4.1.1. 
Power Supply Information 
Power for 8096 flows through 6 pins; one VCC pin, two 
VSS pins, one VREF (analog vcq, one ANGND 
(An- 


alog VSS), 
and one VPD (V Power Down) pin. All six 


of these pins must be connected 
to the 8096 for normal 


operation. 
The VCC pin, VREF pin and VPD pin should 


be tied to 5 volts. 
When the analog to digital converter 


is being used it may be desirable 
to connect 
the VREF 


pin to a separate power supply, or at least a separate power 
supply line. 


The two VSS pins should be connected 
together 
with as 


short a lead as possible to avoid problems 
due to voltage 


drops across the wiring. 
There should be no measurable 


voltage difference 
between 
VSSI 
and VSS2. The 2 VSS 


pins and the ANGND 
pin should 
all be nominally 
at 0 


volts. The maximum 
current drain of the 8096 is around 


200mA, 
with all lines unloaded. 


When the analog converter 
is being used, clean, 
stable 


power must be provided 
to the analog section of the chip 
10 assure 
highest 
accuracy. 
To achieve 
this, 
it may be 


desirable 
to separate 
the analog power 
supply from the 


digital power supply. The VREF pin supplies 
5 volts to 


the analog circuitry and the ANGND pin is the ground for 
this section of the chip. More information 
on the analog 


power supply is in section 4.3.1. 


4.1.2. 
Other Needed Connections 
Several of the pins on the 8096 are used to configure the 
mode of operation. 
In normal operation the following pins 


should be tied directly to the indicated 
power supply. 


PIN 


NMI 
TEST 
EA 


POWER 
SUPPLY 


VCC 


VCC 


VCC (to allow internal execution) 
VSS (to force external execution) 


Although 
the EA pin has an internal pulldown, 
it is best 
to tie this pin to the desired level if it is not left completely 
disconnected. 
This will prevent 
induced 
noise from dis- 
turbing the system. 


4.1.3. 
Oscillator 
Information 
The 8096 requires 
a clock source to operate. 
This clock 


can be provided 
to the chip through the XTALI 
input or 


the on-chip oscillator 
can be used'. The frequency 
of op- 
eration is from 6.0 MHz to 12 MHz. 


The on-chip 
circuitry 
for the 8096 oscillator 
is a single 


stage linear inverter as shown in Figure 4-1. It is intended 
for use as a crystal-controlled, 
positive reactance oscillator 


with external connections 
as shown in Figure 4-2. In this 


application, 
the crystal is being operated in its fundamental 


XTAL1 
XTAL2 


FLOAT 


PHASE 
A 


(CLKOUTj 


response 
mode as an inductive 
reactance 
in parallel 
res- 
onance with capacitance 
external to the crystal. 


The crystal specifications 
and capacitance 
values (C I and 
C2 in Figure 4-2) are not critical. 
30 pF can be used in 
these positions 
at any frequency 
with good quality crys- 
tals. For 0.5% frequency 
accuracy, 
the crystal frequency 


can be specified 
at series resonance 
or for parallel 
reso- 
nance with any load capacitance. 
(In other words, for that 


degree of frequency accuracy, the load capacitance 
simply 


doesn't matter.) For 0.05% frequency accuracy the crystal 
frequency 
should be specified for parallel resonance 
with 
25 pF load capacitance, 
if C I and C2 are 30 pF. 


A more in-depth 
discussion 
of crystal specifications 
and 
the selection of values for C I and C2 can be found in the 
Intel 
Application 
Note, 
AP-155, 
"Oscillators 
for 


Microcontrollers. 
" 


To drive the 8096 with an external 
clock source, 
apply 


the external clock signal to XTALI 
and let XTAL2 float. 


An example 
of this circuit 
is shown in Figure 4-3. The 


required voltage levels on XTALI are specified in the data 
sheet. 
The signal on XTALI 
must be clean 
with good 
solid levels. 
It is important 
that the minimum 
high and 
low times are met. 


There is no specification 
on rise and fall times, but they 


should be reasonably 
fast (on the order of 30 nanoseconds) 


to avoid having the XTALI 
pin in the transition range for 


long periods of time. The longer the signal is in the tran- 
sition region, 
the higher the probability 
that an external 
noise glitch could be seen by the clock generator circuitry. 
Noise glitches on the 8096 internal clock lines will cause 
unreliable 
operation. 


The clock generator provides a 3 phase clock output from 
the XTALI 
pin input. 
Figure 4-4 shows the waveforms 


of the major internal timing signals. 


4.1.4. 
Reset Information 
In order for the 8096 to function properly it must be reset. 
This is done by holding 
the reset pin low for at least 2 


state times after the power supply is within tolerance, 
the 


oscillator 
has stabilized, 
and the back-bias 
generator 
has 


stabilized. 
Typically, the back-bias generator requires one 
millisecond 
to stabilize. 


There are several ways of doing this, the simplest 
being 


just to connect 
a capacitor 
from the reset pin to ground. 
The capacitor should be on the order of I to 2 microfarads 
for every millisecond 
of reset time required. 
This method 


will only work if the rise time of VCC is fast and the total 
reset time is less than around 50 milliseconds. 
It also may 
not work if the reset pin is to be used to reset other parts 
on the board. 
An 8096 with the minimum 
required 
con- 
nections is shown in Figure 4-5. 


The 8096 RESET pin can be used to allow other chips on 
the board to make use of the watchdog 
timer or the RST 
instruction. 
When this is done the reset hardware 
should 
be a one-shot 
with an open-collector 
output. 
The reset 


pulse going to the other parts may have to be buffered and 
lengthened with a one-shot, 
since the RESET low duration 


is only two state times. If this is done, it is possible 
that 
the 8096 will be reset and start running before the other 
parts on the board are out of reset. 
The software 
must 
account for this possible 
problem. 


A capacitor directly connected 
to RESET cannot be used 


to reset the part if the pin is to be used as an output. 
If 


a large capacitor 
is used, 
the pin will pull down more 


slowly than nonnal. 
It will continue to pull down until the 


8096 is reset. 
It could fall so slowly that it never goes 


below the internal 
switch point of the reset signal (I to 


1.5 volts), a voltage which may be above the guaranteed 
switch point of external 
circuitry 
connected 
to the pin. 


Several circuit examples 
are shown in Figure 4-6. 


4.1.5. 
Sync Mode 
If RESET is brought high at the same time as or just after 
the rising edge of XT ALl, 
the part will start executing 


the 
10 state time RST 
instruction 
exactly 
61/2 
XT ALl 
cycles later. This feature can be used to synchronize 
sev- 


eral MCS-96 devices. 
A diagram 
of a typical connection 
is shown in Figure 4-7. It should be noted that parts that 
start in sync may not stay that way, due to propagation 
delays which may cause the synchronized 
parts to receive 
signals at slightly different 
times. 


+5 
VOLTS 


SEPARATE 
VCC TRACE 
(2) 


VPD 


VREF 
NMI 
(1) 
0.1 pI 
TEST 


ANGND 
EA 


VCC 


VBB 
0.1 TO 1.0 pI 


VSSl 


VSS2 


RESET 


10 pI 
+ 
XTALl 
TO 
25 pI 
C,=C2=30pl 


XTAL2 


SEPARATE 
GROUND 
TRACE 
(2) 
-::- 


NOTES: 
1. THESE 
CAPACITORS 
ARE 
NEEDED 
ONLY 
IF A TO D IS USED. 


2. VREF 
& ANGND 
MAY BE CONNECTED 
TO THE SAME 
TRACES 
AS THE 
DIGITAL 
POWER 
SUPPLY 
IF THE 
A TO D IS NOT USED. 


~ 
1.0,.f 


4.1.6. 
Disabling 
the Watchdog 
Timer 


The watchdog 
timer will pull the RESET pin low when 


it overflows. 
If the pin is being externally 
held above the 


low going threshold, 
the pull-down 
transistor 
will remain 


on indefinitely. 
This means 
that once the watchdog 
ov- 


erflows, 
the part must be reset or RESET 
must be held 


high indefinitely. 
Just resetting 
the watchdog 
timer will 
not clear the flip-flop which keeps the RESET pull-down 
on. 


The pull-down 
is capable 
of sinking on the order of 30 


milliamps if it is held at 2.0 volts. This amount of current 


may cause 
some 
long term reliability 
problems 
due to 
localized chip heating. 
For this reason, 
parts that will be 
used in production 
should never have had the watchdog 
timer over-ridden 
for more than a second or two. 


Whenever the reset pin is being pulled high while the pull- 
down is on, it should be through a resistor that will limit 
the voltage on RESET to 2.5 volts and the current through 
the pin to 40 milliamps. 
Figure 4-8 shows a circuit which 


will provide the desired results. 
Using the LED will pro- 
vide the additional benefit of having a visual indicator that 
the part is trying to reset itself, although this circuit only 
works at room temperature 
and VCC = 5 Volts. 


If it is necessary 
to disable the watchdog 
timer for more 
than a brief test the software 
solution of never initiating 


the times should be used. See Section 2.14. 


4.1.7. 
Power Down Circuitry 


Battery backup can be provided on the 8096 with a I mA 
current 
drain at 5 volts. 
This mode will hold locations 
OFOH through 
OFFH valid as long as the power to the 


VPD pin remains on. The required timings to put the part 
into power-down 
and an overview 
of this mode are given 
in section 2.4.2. 


A 'key' 
can be written into power-down 
RAM while the 
part is running. 
This key can be checked 
on reset to de- 
termine if it is a start-up from power-down 
or a complete 


cold start. 
In this way the validity 
of the power-down 
RAM can be verified. The length of this key determines 
the probability 
that this procedure 
will work, 
however, 
there is always 
a statistical 
chance 
that the RAM 
will 
power up with a replica of the key. 


Under most circumstances, 
the power-fail 
indicator which 
is used to initiate a power-down 
condition must come from 
the unfiltered, 
unregulated 
section 
of the power supply. 
The power supply must have sufficient 
storage capacity 


to operate 
the 
8096 
until 
it has 
completed 
its reset 


operation. 


There are 5 types of VO lines on the 8096. Of these, 
2 


are inputs and 3 are outputs. 
All of the pins of the same 


type have the same current/voltage 
characteristics. 
Some 
of the control 
input pins, 
such as XTALI 
and RESET, 


may have slightly different characteristics. 
These pins are 


discussed 
in section 4.1. 


While discussing 
the characteristics 
of the VO pins some 


approximate 
current 
or 
voltage 
specifications 
will 
be 


given. The exact specifications 
are available 
in the latest 


version of the 8096 Data Sheet. 


The quasi-bidirectional 
port is both an input and an output 


port. It has three states, low impedance 
current sink, low 


impedance 
current 
source, 
and high impedance 
current 
source. 
As a low impedance 
current 
sink, the pin has a 


specification 
of sinking up to around .4 milliamps, 
while 


staying below 0.45 volts. The pin is placed in this con- 
dition by writing a '0' to the SFR (Special Function Reg- 
ister) controlling 
the pin. 


When a 'I' 
is written to the SFR location controlling 
the 


pin, a low impedance 
current source is turned on for one 


state time, then it is turned off and the depletion 
pull-up 
holds the line at a logical' 
I' state. The low-impedance 


pull-up is used to shorten the rise time of the pin, and has 
current 
source capability 
on the order of 100 times that 
of the depletion 
pull-up. 
The configuration 
of a quasi- 
bidirectional 
port pin is shown in Figure 4-9. 


While the depletion 
mode pull-up 
is the only device on, 


the pin may be used as an input with a leakage of around 


LM313 


lN4001 


ONE 


STATE 
TIME 


DELAY 


LOW 
IMPEDANCE 
HIGH IMPEDANCE 
LOW 
IMPEDANCE 
PULL 
UP 
PULL 
UP 
PULL 
DOWN 


-160 
p.A 
SOmA :;£' 


TYPICAL 


" 


-90 
p.A 
30mA 
.9 
~ 


-30 
p.A 
10mA 


2V 
OV 
OV 
2V 
4V 


VOH 
VOL 


100 microamps 
from 0.45 volts to VCc. 
It is ideal for 


use with ITL or CMOS 
chips 
and may even be used 


directly 
with switches, 
however 
if the switch option 
is 
used certain precautions 
should be taken. 
It is important 


to note that any time the pin is read, the value returned 
will be the value on the pin, not the value placed in the 
control register. 
This could prevent logical operations 
on 


these pins while they are being used as inputs. 


4.2.2. 
Quasi-Bidirectional 
Hardware 
Connections 


When using the quasi-bidirectional 
ports as inputs tied to 


switches, 
series resistors 
should be used if the ports will 


be written to internally 
after the part is initialized. 
Every 


time any quasi-bidirectional 
pin is written from a zero to 


a one, the low impedance 
pull-up 
is turned on. If many 
of the pins are tied directly 
to ground, 
a large current 


spike will be generated 
when all of these low impedance 


devices are turned on at once. 


the current 
to a maximum 
of 0.2 milliamps 
per pin. If 


several pins are connected 
to a common 
ground through 


switches, it should be sufficient to limit the current through 
the common ground to 0.2 milliamps times the maximum 
number of pins that could be switched 
to ground. 
Many 
switches 
require 
a minimum 
amount 
of current 
flow 
through them to keep them clean. This could cause prob- 
lems in long term reliability 
if it is not considered 
when 
designing 
a system. 


If a switch is used on a long line connected 
to a quasi- 


bidirectional 
pin, 
a pull-up 
resistor 
is recommended 
to 


reduce the possibility 
of noise glitches and to decrease the 


rise time of the line. On extremely 
long lines that are 


handling 
slow signals a capacitor 
may be helpful in ad- 
dition to the resistor to reduce noise. 


4.2.3. 
Input Ports, Analog and Digital 


The high impedance 
input ports on the 8096 have an input 
leakage 
of a few microamps 
and are predominantly 
ca- 


pacitive loads on the order of 10 pf. The Port 0 pins have 


an additional function when the A to D converter is being 
used. These pins are the input to the A to D converter, 
and as such, are required 
to provide current to the com- 
parator when a conversion 
is in process. 
This means that 


the input characteristics 
of a pin will change if a conversion 


is being done on that pin. See section 4.3.1. 


4.2.4. Open Drain Ports 
Ports 3 and 4 on the 8096 are open drain ports. There is 
no pull-up 
when these pillS are used as VO ports. These 


pins have different 
characteristics 
when used as bus pins 


as described 
in the next section. A diagram of the output 


buffers 
connected 
to ports 3 and 4 and the Bus pins is 


shown in Figure 4-10. 


When Ports 3 and 4 are to be used as inputs, or as Bus 
pins, they must first be written 
with a 'I', 
this will put 


the ports in a high impedance 
mode. When .they are used 


as outputs, 
a pull-up resistor must be used externally. 
The 
sink capability 
of these pins is on the order of 0.4 mil- 


liamps so the total pull-up current to the pin must be less 
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than this. A 15k pull-up resistor will source a maximum 
of 0.33 milliamps, 
so it would be a reasonable 
value to 


choose 
if no other circuits 
with pullups were connected 


to the pin. 


4.2.5. 
HSO Pins, Control Outputs and Bus 
Pins 
The control 
outputs 
and HSO pins have output 
buffers 


with the same output characteristics 
as those of the bus 


pins. Included in the category of control outputs are: TXD, 
RXD (in mode 0), PWM, 
CLKOUT, 
ALE, 
BHE, RD, 


and WR. The bus pins have 3 states: output high, output 
low, and high impedance 
input. As a high output, the pins 


are specified to source around 200 !LA to 2.4 volts, but 
the pins can source on the order of ten times that value 
in order to provide 
fast rise times. 
When used as a low 


output, 
the pins can sink around 2 mA at .45 volts, and 


considerably 
more as the voltage increases. 
When in the 


high impedance 
state, the pin acts as a capacitive 
load 


with a few microamps 
of leakage. 
Figure 4-10 shows the 


internal configuration 
of a bus pin. 
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Interfacing the 8096 to analog signal can be done in several 
ways. If the 8096 needs to measure an analog signal the 
A to D converter 
can be used. Creation of analog outputs 


can be done with either the PWM output or the HSO unit. 


4.3.1. Analog 
Inputs 
The 8096 can have 8 analog inputs and can convert one 
input at a time into a digital value. Each conversion 
takes 
42 microseconds 
with a 12 MHz signal on XTALI. 
The 


input signal is applied to one of the Port 0/Analog Channel 
inputs. 
Since there is no sample and hold on the A to D, 
the input signal must remain constant 
over the sampling 


period. 


When 
a conversion 
takes place, 
the 8096 compares 
the 


external signal to that of its internal D to A. Based on the 
result of the comparison 
it adjusts the D to A and compares 


again. 
Each comparison 
takes 8 state times and requires 


the input to the comparator 
to be charged 
up. 20 com- 


parisons are made during a conversion, 
two times for each 


bit of resolution. 
An additional 
8 states are used to load 


and store values. The total number of state times required 
is 168 for a IO-bit conversion. 
Attempting 
to do other 


than a 10-bit conversion 
is not recommended. 


Since the capacitance 
of the comparator 
input is around 


0.5pf, 
the sample and hold circuit must be able to charge 


a IOpf (20*0.5pt) 
capacitor 
without a significant 
voltage 


change. To keep the effect of the sample and hold circuit 
below ± V2 Isb on a 10-bit converter, 
the voltage on the 


sample and hold circuit 
may vary no more than 0.05% 


(1/2048). 


The effective 
capacitance 
of the sample 
and hold must, 


therefore, be at least 20000pf or 0.02 ufo If there is external 
leakage on the capacitor, 
its value must be increased 
to 


compensate 
for the leakage. 
At I011A leakage, 
2.5 mY 


(5/2048) 
will be lost from a 0.17 uf capacitor 
in 42 1LS. 


The capacitor 
connected 
externally 
to the pin should, 


therefore, 
be at least 0.2 uf for best results. If the external 
signal changes 
slowly 
relative 
to 42 11S, then a larger 
capacitor will work well and also filter out unwanted noise. 


The converter 
is a 10-bit, successive 
approximation, 
ra- 
tiometric converter, 
so the numerical 
value obtained from 
the conversion 
will be: 


It can be seen that the power supply levels strongly influ- 
ence the absolute 
accuracy 
of the conversion. 
For this 
reason, 
it is recommended 
that the ANGND 
pin be tied 
to a clean ground, as close to the power supply as possible. 
YREF should be well regulated 
and used only for the A 
to D converter. 
If ratiometric 
information 
is desired, 


YREF can be connected 
to YCC, but this should be done 
at the power supply not at the chip. It needs to be able to 
source around 
15 milliamps. 
Bypass capacitors 
should be 
used between 
YREF 
and ANGND. 
ANGND 
should be 
within about a tenth of a volt of YSS and YREF should 
be within 
a few tenths 
of a volt of YCC. 
A 0.01 
uf 
capacitor 
should be connected 
between the ANGND 
and 
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VBB pins to reduce the noise on VBB and provide 
the 
highest possible 
accuracy. 
Figure 4-5 shows all of these 


connections. 


4.3.2. 
Analog Output Suggestions 


Analog outputs can be generated 
by two methods, 
either 
by using the PWM output or the HSO. Either device will 
generate a rectangular 
pulse train that varies in duty cycle 


and (for the HSO only) period. If a smooth analog signal 
is desired as an output, the rectangular 
waveform must be 
filtered. 


In most cases this filtering is best done after the signal is 
buffered to make it swing from 0 to 5 volts since both of 
the outputs 
are guaranteed 
only to TTL levels. 
A block 
diagram of the type of circuit needed 
is shown in Figure 


4-11. By proper selection of components, 
accounting 
for 
temperature 
and power supply drift, a highly accurate 8- 
bit D to A converter 
can be made using either the HSO 


or the PWM output. Ifthe HSO is used the accuracy could 
be theoretically 
extended 
to 16-bits, however the temper- 
ature and noise related problems 
would be extremely hard 
to handle. 


When driving 
some circuits 
it may be desirable 
to use 


unfiltered 
Pulse Width 
Modulation. 
This is particularly 


true for motor drive circuits. 
The PWM output 
can be 


used to generate these waveforms 
if a fixed period on the 


order of 64 uS is acceptable. 
If this is not the case then 


the HSO unit can be used. The HSO can generate a var- 
iable waveform 
with a duty cycle variable in up to 65536 


steps and a period of up to 131 milliseconds. 
Both of these 
outputs produce TTL levels. 


The 110 pins on the 8096 are sampled 
and changed 
at 


specific 
times 
within 
an instruction 
cycle. 
The timings 
shown in this section are idealized; 
no propagation 
delay 
factors have been taken into account. 
Designing 
a system 
that depends on an 110 pin to change within a window of 
less than 50 nanoseconds 
using the information 
in this 
section is not recommended. 


4.4.1. 
HSO Outputs 


Changes 
in the HSO lines are synchronized 
to Timer 
I. 


All of the external 
HSO lines due to change at a certain 
value of a timer will change just prior to the incrementing 
of Timer 1. This corresponds 
to an internal change during 
Phase C, every eight state times. 
From an external 
per- 


spective 
the HSO pin should 
change 
around 
the rising 


edge of CLKOUT and be stable by its falling edge. Internal 
events can occur anytime during the 8 state time window. 


Timer 2 is synchronized 
to increment no faster than Timer 
I, so there will always 
be at least one incrementing 
of 
Timer 
1 while Timer 2 is at a specific value. 


4.4.2. 
HSI Input Sampling 


The HSI pins are sampled internally once each state time. 
Any value on these pins must remain stable for at least 1 


full state time to guarantee 
that it is recognized. 
This 


restriction applies even if the divide by eight mode is being 
used. If two events occur on the same pin within the same 
8 state 
time window, 
only 
one of the events 
will be 


recorded. 
If the events occur on different 
pins they will 


always be recorded, regardless 
of the time difference. 
The 


8 state time window, (ie. the amount of time during which 
Timer 
1 remains 
constant), 
is stable to within about 20 


nanoseconds. 
The window starts roughly around the rising 


edge of CLKOUT, 
however 
this timing is very approxi- 


mate due to the amount of internal circuitry 
involved. 


4.4.3. 
Standard 
I/O Port Pins 
Port 0 is different from the other digital ports in that it is 
actually part of the A to D converter. 
The port is sampled 


once every 8 state times, the same frequency 
at which the 


comparator 
is charged-up 
during an A to D conversion. 


This 8 state times counter is not synchronized 
with Timer 


I. If this port is used the input signal on the pin must be 
stable 8 state times prior to reading the SFR. 


Port 1 and Port 2 have quasi-bidirectional 
110 pins. When 


used as inputs the data on these pins must be stable one 
state time prior to reading 
the SFR. This timing is also 


valid for the input-only 
pins of Port 2. When 
used as 


outputs, 
the 
quasi-bidirectional 
pins 
will 
change 
state 


shortly after CLKOUT 
falls. If the change was from '0' 


to a 'I' 
the low impedance 
pull-up will remain on for one 


state time after the change. 


Ports 3 and 4 are addressed 
as off-chip 
memory-mapped 


110. The port pins will change state shortly after the rising 
edge of CLKOUT. 
When these pins are used as Ports 3 


and 4 they are open drain, their structure is different when 
they are used as part of the bus. See Section 2.12.4. 


The serial port on the 8096 was designed to be compatible 
with the 8051 serial port. Since the 8051 uses a divide by 
2 clock and the 8096 uses a divide by 3, the serial port 
on the 8096 had to be provided with its own clock circuit 
to maximize 
its compatibility 
with the 8051 at high baud 


rates. This means that the serial port itself does not know 
about state times. There is circuitry which is synchronized 
to the serial port and to the rest of the 8096 so that in- 
formation 
can be passed back and forth. 


The baud rate generator 
is clocked 
by either XT ALl 
or 


T2CLK, 
because T2CLK needs to be synchronized 
to the 


XTALl 
signal its speed must be limited 
to 
'/,6 that of 


XTALl. 
The serial port will not function during the time 


between the consecutive 
writes to the baud rate register. 


Section 2.11.4 discusses 
programming 
the baud rate gen- 


erator. 


4.5.1. 
Mode 0 
Mode 0 is the shift register 
mode. 
The TXD pin sends 


out a clock train, while the RXD pin transmits or receives 
the data. Figure 4-12 shows the waveforms 
and timing. 


Note that the port starts functioning 
when a ')' 
is written 


to the REN (Receiver Enable) bit in the serial port control 
register. If REN is already high, clearing the RI flag will 
start a reception. 


A schematic 
of a typical circuit is shown in Figure 4-13. 
This circuit inverts the data coming 
in, so it must be re- 
inverted in software. 
The enable and latch connections 
to 
the shift registers can be driven by decoders, 
rather than 
directly from the low speed 110 ports, if the software and 
hardware 
are properly designed. 
In this mode the serial port can be used to expand 
the 
I/O capability of the 8096 by simply adding shift registers. 
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4.5.2. 
Mode 1 Timings 


Mode 
I operation 
of the serial port makes use of 10-bit 


data packages, 
a start bit, 8 data bits and a stop bit. The 


transmit and receive functions 
are controlled 
by separate 
shift clocks. The transmit shift clock starts when the baud 
rate generator 
is initialized, 
the receive shift clock is reset 


when a 'I to 0' transition (start bit) is received. 
The trans- 


mit clock may therefore 
not be in sync with the receive 


clock, although 
they will both be at the same frequency. 


The TI (Transmit 
Interrupt) 
and RI (Receive 
Interrupt) 


flags are set to indicate when operations 
are complete. 
TI 


is set when the last data bit of the message has been sent, 
not when the stop bit is sent. If an attempt to send another 
byte is made before the stop bit is sent the port will hold 
off transmission 
until the stop bit is complete. 
RI is set 


when 8 data bits are received, 
not when the stop bit is 
received. 
Note that when the serial port status register is 
read both TI and RI are cleared. 


Caution should be used when using the serial port to con- 
nect more than two devices 
in half-duplex, 
(ie. one wire 
for transmit and receive). 
If the receiving 
processor does 


not wait for one bit time after RI is set before starting to 
transmit, 
the stop bit on the link could be squashed. 
This 
could cause a problem 
for other devices 
listening 
on the 


link. 


4.5.3. 
Mode 2 and 3 Timings 
Modes 2 and 3 operate in a manner similar to that of mode 
I. The only difference 
is that the data is now made up of 


9 bits, so II-bit 
packages 
are transmitted 
and received. 


This means that TI and RI will be set on the 9th data bit 


Timings The Memory System Must Meet 


TLL YH - 
ALE low to READY 
high: Maximum 
time 
after ALE falls until READY 
is brought 
high to ensure 
no more wait states. 
If this time is exceeded 
unexpected 


wait states 
may result. 
Nominally 
I Tosc + 3 Tosc* 
number of wait states desired. 


TLL YV - 
ALE low to READY VALID: Maximum time 
after ALE falls until READY 
must be valid. 
If this time 
is exceded the part could malfunction 
necessitating 
a chip 
reset. Nominally 
2 Tosc periods. 


TYLYH - 
READY low to READY high: Maximum time 
the part can be in the not-ready 
state. If it is exceeded, 


the 8096 dynamic nodes which hold the current instruction 
may 'forget' 
how to finish the instruction. 


TAVDV - 
ADDRESS 
valid to DATA valid: Maximum 


time that the memory 
has to output valid data after the 
8096 outputs a valid address. 
Nominally, 
a maximum 
of 
5 Tosc periods. 


TRLDV 
- 
READ 
low to DATA valid: Maximum 
time 
that the memory has to output data after READ goes low. 
Nominally, 
a maximum 
of 3 Tosc periods. 


TRXDZ 
- 
READ 
not low to DATA float: Time 
after 


READ is no longer low until the memory 
must float the 
bus. The memory signal can be removed as soon as READ 
is not low, and must be removed 
within 
the specified 
maximum 
time. 


Nominally, 
a maximum 
of I Tosc period. 


Timings the 8096 Will Provide 


TCHCH - 
CLKOUT 
high to CLKOUT 
high: The period 


of CLKOUT 
and the duration 
of one state time. Always 
3 Tosc average, 
but individual 
periods 
could vary by a 
few nanoseconds. 


TCHCL - 
CLKOUT 
high to CLKOUT 
low: Nominally 
I Tosc period. 


TCLLI-I- 
CLKOUT 
low to ALE high: A help in deriving 
other timings, 
typically 
plus or minus 5 to 10 ns. 


TLLCH - 
ALE low to CLKOUT 
high: Used to derive 
other timings, 
nominally 
I Tosc period. 


TLHLL 
- 
ALE high to ALE low: ALE pulse 
width. 


Useful in determining 
ALE rising edge to ADDRESS valid 


time. Nominally 
I Tosc period. 


TAVLL - 
ADDRESS 
valid to ALE low: Length of time 
ADDRESS 
is valid before 
ALE falls. 
Important 
timing 
for address latch circuitry. 
Nominally 
I Tosc period. 


TLLAX 
- 
ALE low to ADDRESS 
invalid: 
Length 
of 


time ADDRESS 
is valid after ALE falls. Important timing 
for address latch circuitry. 
Nominally 
I Tosc period. 


TLLRL 
- 
ALE low to READ or WRITE 
low: Length 
of time after ALE falls before RD or WR fall. Could be 
needed to ensure that proper memory decoding takes place 
before it is output enabled. 
Nominally 
I Tosc period. 


TRLRH - 
READ low to READ high: RD pulse width, 


nominally 
1 Tosc period. 


TRHLH - 
READ high to ALE high: Time between 
RD 
going inactive and next ALE, also used to calculate 
time 


between 
RD inactive 
and next ADDRESS 
valid. 
Nom- 


inally I Tosc period. 


TWLWH 
- 
WRITE 
low to WRITE 
high: Write pulse 
width, nominally 
2 Tosc periods. 


TQVWX - 
OUTPUT valid to WRITE not low: time that 


the OUTPUT 
data is valid before WR starts to go high. 


Nominally 
2 Tosc periods. 


TWXQX - 
WRITE not low to OUTPUT not valid: Time 


that the OUTPUT 
data is valid after WR starts to rise. 


Nominally 
I Tosc period. 


TWXLH - 
WRITE not low to ALE high: Time between 


write starting to rise and next ALE, also used to calculate 
the time between WR starting to rise and next ADDRESS 
valid. Nominally 
2 Tosc periods. 


rather than the 8th. The 9th bit can be used for parity or 
multiple processor 
communications 
(see section 2.11). 


4.6. 
BUS TIMING AND MEMORY 
INTERFACE 


4.6.1. 
Bus Functionality 
The 8096 has a multiplexed 
(address/data) 
16 bit bus. 
There are control 
lines provided 
to demultiplex 
the bus 


(ALE), indicate reads or writes (RD, WR), indicate if the 
access is for an instruction 
(INST), 
and separate the bus 


into high and low bytes (BHE, ADO). Section 2.3.5 con- 
tains an overview 
of the bus operation. 


4.6.2. 
Timing Specifications 


Figure 4-14 shows the timing of the bus signals and data 
lines. Since this is a new part, the exact timing specifi- 
cations 
are subject 
to change, 
please 
refer to the latest 


8096 data sheet to ensure that your system is designed to 
the proper specifications. 
The major timing specifications 


are described 
in Figure 4-15. 


4.6.3. 
READY Line Usage 
When the processor has to address a memory location that 
cannot respond within the standard specifications 
it is nec- 


essary 
to use the READY 
line to generate 
wait states. 


When the READY 
line is held low the processor 
waits 
in a loop for the line to come high. There is a maximum 
time that the READY line can be held low without risking 
a processor 
malfunction 
due to dynamic 
nodes that have 
not been refreshed 
during 
the wait states. 
This time is 
shown as TYL YH in the data sheet. 


In most cases the READY 
line is brought 
low after the 
address is decoded 
and it is determined 
that a wait state 
is needed. 
It is very likely that some addresses, 
such as 
those addressing memory mapped peripherals, 
would need 
wait states, and others would not. The READY line must 
be stable within the TLLYV specification 
after ALE falls 


(or the TYVCL 
before CLKOUT 
falls) or the processor 


could 
lock-up. 
There 
is no 
requirement 
as to 
whcn 


READY 
may go high, as long as the maximum 
READY 


low time (TYL YH) is not violated. 
To ensure that onl) 


one wait state is inserted it is necessary 
to bring READY 


high TLL YH after the falling edge of ALE. 


4.6.4. 
INST Line Usage 
The INST (Instruction) 
line is high during the output of 


an address that is for an instruction 
stream fetch. It is low 


during the same time for any other memory 
access. 
At 


any other time it is not valid. This pin is not present on 
the 48-pin versions. 
The INST signal can be used with 


a logic 
analyzer 
to debug 
a system. 
In this way 
it is 


possible 
to determine 
if the fetch was for instructions 
or 


data, making the task of tracing the program much easier. 


4.6.5. 
Address 
Decoding 
The multiplexed 
bus of the 8096 must be demultiplexed 


before it can be used. This ca be done with 2 74LS373 
transparent 
latches. 
As explained 
in section 
2.3.5, 
the 


latched address signal will be referred to as MAO through 
MAI5. 
(Memory 
Address), 
and the data lines will be 


called MDO through MDI5, 
(Memory 
Data). 


Since the 8096 can make accesses 
to memory 
for either 


bytes or words it is necessary to have a way of determining 
the type of access desired. 
The BHE and MAO lines are 


used for this purpose. 
BHE must be latched, 
as it is valid 


only when the address 
is valid. 
The memory 
system 
is 


typically set up as 32K by 16, instead of 64K by 8. When 
the BHE line is low, the upper byte is enabled'. 
When 


MAO is low, the lower byte is enabled when MAO is high 
BHE will be low, and the upper byte is enabled. 


When external 
RAM and EPROM 
are both used in the 


system the control logic can be simplified a little to some 
of the addresses. 
The 8096 will always output 
BHE to 


indicate if a read is of the high byte or the low byte, but 
it discards 
the byte it is not going to use. It is therefore 


possible 
to use the BHE and MAO lines only to control 


memory writes, and to ignore these lines during memory 
reads. Figure 4-16 and 4-17 show block diagrams of two 
memory 
systems, 
an external 
EPROM 
only system and 


a RAM/ROM 
system. 


4.6.6. 
System Verification 
Example 


To verify that a system such as the one in Figure 4-17 will 
work with the 8096, 
it is necessary 
to check all of the 
timing parameters. 
Let us examine 
this system 
one pa- 
rameter at a time using the proposed 
8096 specifications. 


These 
specifications 
are subject 
to change, 
refer to the 
latest 8096 data sheet for the current specifications. 


The timings of signals that the processor and memory use 
are effected by the latch and buffer circuitry. The timings 
of the signal provided 
by the processor 
are delayed 
by 
various 
amounts 
of time. 
Similarly, 
the signals coming 
back from the memory are also delayed. 
The calculations 
involved 
in verifying 
this system follow: 


The address lines are delayed by passing them through 
the 74LS373s, 
this delay 
is specified 
at 18ns after 


Address 
is valid or 30ns after ALE is high. Since the 


PR 
0 


CLR 
Q 


74LS 


74 


signal may be limited by either the ALE timing or the 
Address timing, 
these two cases must be considered. 


Tosc-1O 
(TLHLL) 


Tosc-20 
(TAVLL) 


Total delay from 8096 Address 
stable to MA (Memory 


Address) 
stable would be: 


ALE delay from address 
-10 


74LS373 
clock to output 
30 


20 nanoseconds 


In the worst case, 
the delay in Address 
valid is 
controlled 
by ALE and has a value of 20 nano- 
seconds. 
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Delay 
of 
Data 
Transfer 
to/from 
Processor 
- 
12 
nanoseconds 


The RD low to Data valid specification 
(TRLDV) 
is 


3 Tosc-50, 
(200 ns at 12 MHz). The 74LS245 
is en- 


abled by RD and has a delay of 40 ns from enable. 
The enable delay is clearly not a problem. 


The 74LS245 is enabled except during a read, so there 
is no enable delay to consider 
for write operaions. 


The Data In to Data Out delay 
of the 74LS245 
is 
12 ns. 


Latched BHE is delayed by the inverter on ALE and 
the 74LS74. 


.74LS04 delay (Output low to high) 
= 22 


74LS74 delay (Clock to Output) 
= 40 


Delay of Latched 
BHE from ALE falling 
= 62 
nanoseconds 


The 74LS74 requires data valid for 20 ns prior to the 
clock, 
the 8096 
will 
have 
BHE 
stable 
Tosc-20 
ns 


(TAVLL, 63 ns at 12 MHz) prior to ALE falling. There 
is no problem 
here. 


MAO is valid prior to ALE falling, 
since the 20 ns 


Address Delay is less than TAVLL. 


WR will fall no sooner than Tosc-20 
ns (TLLRL, 
63 


ns at 12 MHz) after ALE goes low. It will therefore 
be valid just after the Latched 
BHE is valid, 
so it is 


the controlling 
signal. 


WR High and WR Low are valid 
15 ns after MAO, 
Latched BHE and WR are valid. Since WR is the last 
signal to go valid, the delay of WR (High and Low) 
to memory 
is 15 ns. 


Delay Summary 
- 
Address Delay 
Data Delay 
WR Delay 
RD Delay 


20 ns 
12 ns 
15 ns 
o ns 


Characteristics 
of a 12 MHz 8096 system 
with latches: 


Address valid to Data in; 


TAVDV 
386.6 ns maximum 


Address 
Delay 
- 
20.0 os maximum 
Data Delay 
- 
12.0 ns maximum 


354.6 ns maximum 


TRLDV 
RD Delay 
Data Delay 


Address valid to Control; 


TLLRL 
TAVLL 
Address Delay 
WR Delay 


Write Pulse Width; 


TWLWH 
Rising WR Delay : 
Falling WR Delay: 


200.0 ns maximum 
- 
00.0 ns maximum 
- 
12.0 ns maximum 


188.0 ns maximum 


63.3 ns minimum 
63.3 ns minimum 
20.0 ns maximum 
00.0 ns minimum 
(no spec) 


101.6 ns minimum 


151.6 ns minimum 
- 
15.0 ns maximum 
00.0 ns minimum 
(no spec) 


146.6 ns minimum 


Data Setup to WR rising; 


TQVWX 
136.6 ns minimum 
Data Delay 
- 
12.0 ns maximum 
WR Delay 
00.0 ns minimum 
(no spec) 


124.6 ns minimum 


TWXQX 
Data Delay 
WR Delay 


58.3 ns minimum 
0.0 ns minimum 
(no spec) 


15.0 ns maximum 


43.3 ns minimum 


The two memory devices 
which are expected 
to be used 


most often with the 8096 are the 2764 EPROM 
and the 


2128 RAM. The system verification for the 2764 is simple. 


2764 Tac 


(Address valid to Output) 
< Address 
valid to Data in 
250 ns < 354 ns 
O.K. 


2764 Toe 


(Output Enable to Output) 
< Read low to Data in 
100 ns < 188 ns 
O.K. 


These calculations 
assume no address decoder delays and 
no delays on the RD (OE) line. If there are delays in these 
signals the delays must be added to the 2764's 
timing. 


The read calculations 
for the 2128 are similar to those for 
the 2764. 


2128-20 Tac < Address 
valid to Data in 
200 ns < 354 ns 
O.K. 


2128-20 Toe < Read low to Data in 
65 ns < 188 ns 
O.K. 


The write calculations 
are a little more involved, 
but still 


straight-forward. 


2128 Twp (Write Pulse) < Write Pulse Width 
100 ns < 146 ns 
O.K. 


2128 Tds (Data Setup) < Data Setup to WR rising 
65 ns < 124 ns 
O.K. 


2128 Tdh (Data Hold) < Data Hold after WR 
o ns < 43 ns 


All of the above calculations 
have been done assuming 


that no components 
are in the circuit 
except 
for those 


shown in Figure 4-17. If additional components 
are added, 
as may be needed for address decoding 
or memory bank 


switching, 
the calculations 
must be updated to reflect the 


actual circuit. 


4.6.7. I/O Port Reconstruction 
When a single-chip 
system is being designed using a mul- 


tiple chip system as a prototype, 
it may be necessary 
to 


reconstruct 
I/O ports 3 and 4 using a memory-mapped 


I/O technique. 
The circuit shown in Figure 4-18 provides 


this function 
on the iSBE-96 
emulator 
board. 
It can be 


attached to any 8096 system which has the required 
ad- 
dress decoding 
and bus demultiplexing. 


The output circuitry 
is basically just a latch that operates 


when IFFEH or IFFFH are placed on the MA lines. The 
inverters 
surrounding 
the latch create 
an open-collector 


output to emulate the open-drain output found on the 8096. 
The 'reset' 
line is used to set the ports to all I 's when the 


8096 is reset. 
It should 
be noted 
that the voltage 
and 
current characteristics 
of this port will differ from those 


of the 8096, but the basic functionality 
will be the same. 


The input circuitry 
is just 
a bus transceiver 
that is ad- 
dressed at IFFEH or IFFFH. 
If the ports are going to be 


used for either input or output, 
but not both, some of the 


circuitry can be eliminated. 


Designing 
controllers 
differs 
from designing 
other com- 
puter equipment 
in the area of noise protection. 
A micro- 


controller 
circuit 
under 
the hood of a car, in a photo- 


copier, CRT terminal, 
or a high speed printer is subject 


WRi:OW 
OUTPUT 


ClK 


8 
74lS 
8 
8 
74lS 
74lS 
MDO-MD7 
04 
05 
P3 


(Xl....,) 
273 
(Xl""') 
ClR 


WR HIGH 


ClK 


8 
74lS 
8 
8 
74lS 
MD&-MD15 
04 
74lS 
05 
P4 
(Xl""') 
273 
(Xl""') 
ClR 


RESET 
INPUT 


ADDR = P3, P4 


RD 
8 
ADO-AD7 


to many types of electrical 
noise. 
Noise can get to the 
processor directly through the power supply, or it can be 
induced onto the board by electromagnetic 
fields. It is also 
possible 
for the pc board 
to find itself 
in the path of 
electrostatic discharges. 
Glitches and noise on the pc board 


can cause the processor 
to act unpredictably, 
usually by 


changing 
either 
the 
memory 
locations 
or the program 


counter. 


There are both hardware 
and software 
solutions 
to noise 
problems, 
but the best solution 
is good design 
practice 


and a few ounces of prevention. 
The 8096 has a watchdog 
timer which will reset the part if it fails to execute 
the 


software properly. 
The software 
should be set up to take 
advantage 
of this feature. 


It is also recommended 
that unused areas of code be filled 
with Naps 
and periodic jumps to an error routine or RST 


(reset chip) instructions. 
This is particularly 
important 
in 
the code around lookup tables, 
since if lookup tables are 
executed 
all sorts of bad things 
can happen. 
Wherever 
space allows, each table should be surrounded 
by 7 Naps 


(the longest 
8096 instruction 
has 7 bytes) and a RST or 
jump to error routine instruction. 
This will help to ensure 
a speedy recovery 
should the processor 
have a glitch in 
the program 
flow. 


Many hardware solutions exist for keeping pc board noise 
to a minimum. 
Ground planes, gridded ground and VCC 


structures, 
bypass 
capacitors, 
transient 
absorbers 
and 


power busses with built-in capacitors 
can all be of great 


help. It is much easier to design a board with these features 
than to try to retrofit them later. Proper pc board layout 
is probably the single most important 
and, unfortunately, 


least understood 
aspect of project design. Minimizing 
loop 


areas and inductance, 
as well as providing 
clean grounds 


are 
very 
important. 
More 
information 
on protecting 


against noise can be found in the Intel Application 
Note 


AP-125, 
"Designing 
Microcontroller 
Systems For Noisy 


Environments. 
" 


4.8. PACKAGING 
PINOUTS 
AND 
ENVIRONMENT 


The MCS-96 
family of products 
is offered in many ver- 


sions. They are available 
in 48-pin or 68-pin packages, 


with or without 
ROM, 
and with or without 
an A to D 


converter. 
A summary 
of the available 
options is shown 


in Figure 4-19. 


The 48-pin versions 
are available 
in a 48-pin DIP (Dual 


In-Line) package, 
in either ceramic or plastic. 


The 68-pin 
versions 
are available 
in a ceramic 
pin grid 


array, and a plastic f1atpack. A plastic pin grid array will 
be available 
in the near future. 


ROM LESS 
WITH ROM 


68-pln 
48-pln 
68-pln 
48-pln 


Without 
A to D 
8096 
8094 
8396 
8394 


With A to D 
8097 
8095 
8397 
8395 


8094/8095/8096/8097 
8394/8395/8396/8397 
16-BIT MIC.ROCONTROLLERS 


• 
839X: 
an 809X with 8K Bytes of On-chip 
ROM 
• 
High Speed Pulse 1/0 
- 
232 Byte Register File 
_ 10-bit AID Converter 
- 
Memory-to-Memory 
Architecture 


_ 8 Interrupt Sources 
- 
Full Duplex Serial Port 
_ Pulse-Width Modulated Output 
- 
Five 8-bit 1/0 Ports 
_ Four 16-bit Software Timers 
- 
Watchdog Timer 


The MCS":96 family of 16-bit microcontrollers 
consists 
of 8 members. 
all of which are designed 
for high-speed 
control functions. 


The CPU supports bit, by1e, and word operations. 32-bit double-words 
are supported for a subset of the instruction 
set. With a 12 MHz input frequency the 8096 can do a 16-bit addition in 1.0 J.Lsecand a 16 x 16-bit multiply or 32/ 
16-bit divide in 6.5 J.Lsec.Instruction execution times average 
1 to 2 J.Lsecin typical applications. 


Four high-speed 
trigger inputs are provided to record the times at which external events occur. Six high-speed 
pulse generator 
outputs are provided to trigger external events at preset times. The high-speed 
output unit can 
simultaneously 
perform timer functions. 
Up to four such 16-bit Software Timers can be in operation 
at once. 


An on-chip AID Converter converts up to 4 (in the 48-pin version) or 8 (in the 68-pin version) analog input channels 
to 10-bit digital values. This feature is only available on the 8095. 8395. 8097 and 8397. 


Also provided on-chip are a serial port, a watchdog timer. and a pulse-width 
modulated 
output signal. 


POWER 
FREQUENCY 
DOWN 
REFERENCE 


r-----------~:::~----:::~ 


GEN 
ON-CHIP 
ROM 
(8396) 


HIGH 
SPEED 
10 


PORT 
3 


} 


ADDR 


DATA 
BUS 


IPORT 
4 


I 
I 
I 
____ 
--.J 


RXD 
P2.1 
1 
48 
RESET 


TXD 
P2.0 
2 
47 
EXTINT 
P2.2 


HSIO 
3 
46 
VPD 


HSl1 
4 
45 
VREF 


HSI2 
HS04 
5 
44 
ANGND 


HSI3 
HS05 
6 
43 
ACH4 
PO.4 


HSOO 
7 
42 
ACH5 
PO.5 


HS01 
8 
4' 
ACH7 
PO.7 


HS02 
9 
40 
ACH6 
PO.6 


HS03 
10 
39 
EA 


VSS 
11 
38 
VCC 


VBB 
12 
37 
VSS 


PWM 
P2.5 
13 
36 
XTALl 


WR 
'4 
35 
XTAL2 


BHE 
15 
34 
ALE 


READY 
16 
33 
RD 


AD15 
P4.7 
17 
J2 
ADO P3.0 


AD14 
P4.6 
18 
31 
AD1 
P3.1 


AD13 
P4.5 
19 
30 
AD2 
P3.2 


AD12 
P4.4 
20 
29 
AD3 
P3.3 


AD11 
P4.3 
21 
28 
AD4 
P3.4 


AD10 
P4.2 
22 
27 
ADS 
P3.5 


AD9 
P4.1 
23 
26 
AD6 
P3.6 


AD8 
P4.0 
24 
25 
AD7 
P3.7 


Figure 1 shows a block diagram 01me M~::>-:10pi:ifl>;, 
generally referred to as the 8096. The 8096 is available 
in 48-pin and 68-pin packages, 
with and without AID, 


and with and without on-chip ROM. The MCS-96 num- 
bering system is shown below: 


OPTIONS 
68 PIN 
48 PIN 


ROMLESS 
8096 
8094 
DIGITAL 
..- 


1/0 


ROM 
8396 
8394 


ANALOG 
ROMLESS 
8097 
8095 


AND 
DIGITAL 
1/0 
ROM 
8397 
8395 


Figures 
2, 3 & 4 show 
the 
pinouts 
for 
the 
48- and 
68-pin 
packages. 
The 
48-pin 
version 
is 
offered 
in 
Dual-In-Line 
package 
while 
the 
68-pin 
version 
comes in a Flat-pack 
and a Pin Grid Array. 
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8096 
1PJ1Rl~1U~j]~INl~IRlW 


Pins Facing 
Up 
Pins Facing 
Down 


/' 
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Figure 
4. Pin Grid Array 


Note 
I . When the pin grid array package 
is mounted 
on the PC board, 
the pins are numbered 
counterclockwise 
as seen from the component· 


side of the board, 
just tike the flat pack when it's mounted 
in the contactor. 
Consequently, 
the PC board 
layout for pin grid array is 
compatible 
with the flat pack in a contactor 
except for the footprint 
size. The pin functions 
(from 
-I 
to -68) on both packages 
are 
identical. 
Refer to Intel's Microcontroller 
handbook 
for mechanical 
dimensions 
on these packages. 


inter 


Oper- 
Flags 


Mnemonic 
ands 
Operation 
(Note 1) 
Z 
N 
C 
V 
VT ST 
Notes 


ADD/ADDB 
2 
D ~ 
D+A 
j 
j 
j 
j 
t - 


ADD/ADDB 
3 
D ~ 
B+A 
j 
j 
j 
j 
t - 


ADDC/ADDCB 
2 
D ~D+A+C 
~ j 
j 
j 
t - 


SUB/SUBB 
2 
D~D-A 
j 
j 
j 
j 
t - 


SUB/SUBB 
3 
D~B-A 
j 
j 
j 
j 
t - 


SUBC/SUBCB 
2 
D~D-A+C- 
I 
~ j 
j 
j 
t - 


CMP/CMPB 
2 
D-A 
j 
j 
j 
j 
t - 


MUUMULU 
2 
D, D + 2 ~ 
D * A 
- 
- - - - 
? 
2 


MUUMULU 
3 
D, D + 2 ~ 
B * A 
- - - 
- - 
? 
2 


MULB/MULUB 
2 
D, D + 
I ~D 
* A 
- - - - - 
? 
3 


MULB/MULUB 
3 
D, D + 
I ~ 
B * A 
- 
- - - - 
? 
3 


DlV/DlVU 
2 
D ~ 
(D, D + 2)/A 
2 


I 
D + 2 
remainder 
- 
- - 
j 
t - 


DlVB/DlVUB 
2 
D ~(D, 
D + 
I)/A 
D+I 
remainder 
- 
- 
- 
j 
t - 
3 


AND/ANDB 
2 
D~DandA 
j 
j 
0 
0 - - 


AND/ANDB 
3 
D~BandA 
, 
j 
j 
0 
0 - - 


OR/ORB 
2 
D~DorA 
j 
j 
0 
0 - - 


XOR/XORB 
. 
2 
D ~ 
D (excl. or) A 
j 
j 
0 
0 - 
- 


LD/LDB 
2 
D~A 
- - 
- 
- - - 


ST/STB 
2 
A~D 
- - 
- 
- - - 


LDBSE 
2 
D~A; 
D + 
I ~SIGN(A) 
- 
- 
- - - - 
3,4 


LDBZE 
2 
D ~A; 
D + 
I~O 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
I 
SP ~ 
SP - 
2; (SP) 
A 
- 
- 
- 
- - - 


POP 
I 
A ~ 
(SP); SP ~ 
SP + 2 
- 
- - 
- - - 


PUSHF 
0 
SP ~ 
SP - 
2; (SP) ~ 
PSW; 
0 
0 
0 
0 
0 
0 
PSW ~OOOOH 
I~O 


POPF 
0 
PSW ~ 
(SP); SP ~ 
SP + 2 
I~j 
j 
j 
j 
j 
j 
j 


SJMP 
I 
PC ~ 
PC + 
II-bit 
offset 
- - - - - - 
5 


UMP 
I 
PC ~ 
PC + 
16-bit offset 
- - - - - - 
5 


BR(indirect) 
I 
PC~(A) 
- 
- 
- - - - 


SCALL 
I 
SP ~ 
SP - 
2; (SP) ~ 
PC; 
- 
- - - - - 
5 


PC ~ 
PC + 
II-bit 
offset 


LCALL 
I 
SP ~ 
SP - 
2; (SP) ~ 
PC; 
- - - - - - 
5 


PC ~ 
PC + 
16-bit offset 


RET 
0 
PC ~ 
(SP); SP ~ 
SP + 2 
- 
- - - - - 
J(conditional) 
I 
PC ~ 
PC + 8-bit offset 
- 
- 
- 
- - - 
5 
JC 
I 
Jump if C = I 
- 
- 
- - - - 
5 
JNC 
I 
Jump if C = 0 
- 
- 
- - - - 
5 


Note 
1. If the nmemonic ends in "B", 
a byte operation is perfonned, 
otherwise a word operation is done. Operands D, B, and A must conform 
to the alignment rules for the required operand type. D and B are locations in the register file; A can be located anywhere in memory. 
2. D, D + 2 are consecutive 
WORDS 
in memory; 
D is DOUBLE-WORD 
aligned. 


3. D, D + 1 are consecutive 
BYTES in memory; 
D is WORD aligned. 


4. Changes 
a byte to a word. 
5. Offset is a 2's complement 
number. 


Oper- 
Flags 


Mnemonic 
ands 
Operation 
(Note 1) 
Z 
N C 
V 
VT ST 
Notes 


JE 
1 
Jump if Z = I 
- - - - - - 
5 


JNE 
1 
Jump if Z = 0 
- - - - - - 
5 


JGE 
1 
Jump if N = 0 
- 
- - - - - 
5 


JLT 
1 
Jump ifN 
= 1 
. 
- - - - - - 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - - 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - - 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - - - - 
5 


JNH 
1 
Jump if C = 0 or Z = I 
- - - - - - 
5 


JV 
1 
Jump if V = 1 
- - - - - - 
5 


JNV 
1 
Jump if V = 0 
- - 
- - - - 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - 
- - 
0 - 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 - 
5 


JST 
1 
Jump if ST = I 
- - - - - - 
5 


JNST 
I 
Jump if ST = 0 
- - - - - - 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - - - 
- - 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - - - - - 
5,6 


DJNZ 
1 
D <- D - 
1; if D*'O 
then 
PC <- PC + 8-bit offset 
- - 
- - - - 
5 


DEC/DECB 
1 
D<-D-l 
/ / / / 
t - 


NEG/NEGB 
1 
D <-0 
- 
D 
/ / / / 
t - 


INC/INCB 
I 
D<-D+I 
/ / / / 
t - 


EXT 
I 
D <- D; D + 2 <- Sign (D) 
/ 
/ 
0 
0 - - 
2 


EXTB 
I 
D <- D; D + 
1 <- Sign (D) 
/ / 
0 
0 - - 
3 


NOT/NOTB 
1 
D <- Logical Not (D) 
/ 
/ 
0 
0 - - 


CLRlCLRB 
1 
D <-0 
I 
0 
0 
0 - - 
SHUSHLB/SHLL 
2 
C <- msb - 
- 
- 
- 
- 
Isb <- 0 
/ 
? / / 
t - 
7 


SHRlSHRB/SHRL 
2 
o --+ msb - 
- 
- 
- 
- 
Isb --+ C 
/ 
0 / 
0 - / 
7 


SHRAISHRAB/SHRAL 
2 
msb --+ msb - 
- 
- 
- 
-Isb 
--+ C 
/ / / 
0 - / 
7 


SETC 
0 
C <-I 
- 
- 
I - - - 
CLRC 
0 
C <-0 
- - 
0 - - - 


CLRVT 
0 
VT<-O 
- - - - 
0 - 


RST 
0 
PC <- 2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable All Interrupts 
(I <- 0) 
- - - - - - 
EI 
0 
Enable All Interrupts 
(I <- I) 
- - - - - - 


NOP 
0 
PC <-PC 
+ 
I 
- 
- 
- 
- - - 
SKIP 
0 
PC<-PC+2 
- - - - - - 


NORML 
2 
Normalize 
(See sec 3.13.66) 
/ 
I 
0 - - - 
7 


TRAP 
0 
SP <- SP - 
2; (SP) <- PC; PC <- 


(20IOH) 
- - 
- - - - 
9 


Note 
1. If the mnemonic 
ends in "B", 
a byte operation 
is performed, 
otherwise 
a word operation 
is done. Operands 
D, B and A must conform 
to tbe alignment 
rules for the required operand 
type. D and B are locations 
in tbe register file; A can be located anywhere 
in memory. 


5. Offset 
is a 2's complement 
number. 


6. Specified 
bit is one of tbe 2048 bits in the register 
file. 
7. The "L" 
(Long) 
suffix indicates 
double-word 
operation. 
8. Initiates 
a Reset by pUlling RESET 
low. Software 
should re-initialize 
all the necessary 
registers 
with code starting at 2080H. 
9. The assembler 
will not accept this mnemonic. 


inter 


INDIRECT@ 
INDEXED@ 


DIRECT 
IMMEDIATE 
NORMAL 
AUTO-INC. 
SHORT 
LONG 


0 
rn 


Z 
c 


0 
z 
w 
w 
w 
8m 
8m 
w 
8m 
8m 
c( 
c 
rn 
c 
rn 
c 
rn 
rn 
c 
rn 
rn 
~ 
0 
wrn 
0 
wrn 
0 
Ww 
Ww 
0 
LUw 
Ww 
w 
a: 
w 
~w 
w 
~w 
w 
~~ 
w 
~~ 
w 
~:E 
w 
!;i:E 
w 
0 
~ 
0 
~ 
0 
~ 
~ 
0 ~ 
~ 
z 
~ 
~ 
I-'~ 
~ 
> 
1-':!!1 
~ 
> ~- 
l;ji= 
~ 
> 
1-'- 
> 
li;i= 
~ 
0 
0 
m 
rn~ 
0 
m 
rn~ 
0 
m 
rn~ 
m 
0 
m 
rn~ 
m 


ARITHMETIC 
INSTRUCTIONS 


AOO 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


AOO 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


AOOB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


AOOB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7112 
4 
8113 
57 
5 
7112 
6 
8/13 


AOOC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7112 
A7 
4 
6/11 
5 
7112 


AOOCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7112 
4 
8113 
4B 
5 
7112 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7112 
4 
8/13 
5B 
5 
7/12 
6 
8113 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7112 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
60 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
40 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
70 
3 
17 
7E 
3 
19/24 
3 
20/25 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
50 
4 
18 
5E 
4 
20125 
4 
21/26 
5F 
5 
20/25 
6 
21/26 


MUL 
2 
® 
4 
29 
® 
5 
30 
® 
4 
31136 
4 
32137 
® 
5 
31/36 
6 
32137 


MUL 
3 
® 
5 
30 
® 
6 
31 
® 
5 
32/37 
5 
33/38 
® 
6 
32/37 
7 
33/38 


MULB 
2 
® 
4 
21 
® 
4 
21 
® 
4 
23/28 
4 
24/29 
® 
5 
23/28 
6 
24129 


MULB 
3 
® 
5 
22 
® 
5 
22 
® 
5 
24/29 
5 
25/30 
® 
6 
24/29 
7 
25/30 


DIVU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29/33 


DIVUB 
2 
9C 
3 
17 
90 
3 
17 
9E 
3 
20/24 
3 
21125 
9F 
4 
20/24 
5 
21125 


DIV 
2 
® 
4 
29 
® 
5 
30 
® 
4 
32/36 
4 
33/37 
® 
5 
32/36 
6 
33/37 


DIVB 
2 
® 
4 
21 
® 
4 
21 
® 
4 
24/28 
4 
25/29 
® 
5 
24/28 
6 
25/29 


Notes: 


@ Long indexed and Indirect + instructions 
have identical opocodes 
with Shon indexed and Indirect modes, respectively. 
The second byte 
of instructions 
using any indirect or indexed 
addressing 
mode specifies 
the exact mode used. 
If lhe second byte is even. use Indirect 
or Shon Indexed. 
If it is odd. use Indirect+or 
Long indexed. 
In all cases the second byte of the instruction 
always specifies an even 


(word) location 
for the address 
referenced. 


(j) Number 
of state times shown for internal/external 
operands. 


(%! The opcodes 
for signed multiply 
and divide are the opcodes 
for the unsigned 
functions 
with an "FE" 
appended 
as a prefix. 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 


NORMAL 
AUTO·INC. 
SHORT 
LONG 


(.) 
In 
Z 
Q 


W 
Z 
W 
W 
81n 
W 
81n 
0 
4( 
Q 
In 
Q 
In 
Win 
Q 
In 
In 
81n 
Q 
In 
81n 
In 
~ 
IX: 
0 
Win 
0 
0 
Ww 
Ww 
0 
Ww 
Ww 
W 
W 
!;(W 
W 
!;(W 
(.) 
W 
!;(~ 
W 
!;(~ 
W 
!;(~ 
W 
!;(~ 
W 
(.) 
~ 


(.) 
l- 
I- 
I- 
(.) 
l- 
I- 
Z 
Q. 
Q. 
I-! 
Q. 
> I-! 
Q. 
> 
li;~ > 
1-- 
Q. 
> 
li;~ > li;~ 
~ 
0 
0 
II) 
Inl- 
0 
II) 
Inl- 
0 
II) 
II) 
Inl- 
0 
II) 
II) 


LOGICAL 
INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/11 
3 
7/12 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7/12 
73 
4 
6/11 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/11 
3 
7/12 
83 
4 
6/11 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7112 
93 
4 
6/11 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
- 6/11 
3 
7112 
87 
4 
6/11 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6/11 
5 
7/12 


DATA TRANSFER 
INSTRUCTIONS 


LD 
2 
AO 
3 
4 
Al 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6/11 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6/11 
3 
7/12 
B3 
4 
6/11 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
-- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
-- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6/11 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6/11 
3 
7/12 
AF 
4 
6/11 
5 
7/12 


STACK OPERATIONS 
(internal 
stack) 


PUSH 
1 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11115 
2 
12/16 
CB 
3 
11/15 
4 
12/16 


POP 
1 
CC 
2 
12 
- 
- 
-- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
1 
8 


POPF 
0 
F3 
1 
9 


STACK OPERATIONS 
(external 
stack) 


PUSH 
1 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16/20 
CB 
3 
15/19 
4 
16/20 


POP 
1 
CC 
2 
14 
- 
- 
-- 
CE 
2 
16/20 
2 
16/20 
CF 
3 
16120 
4 
16120 


PUSHF 
0 
F2 
1 
12 


POPF 
0 
F3 
I 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16® 


SIMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/16® 


BR[ 1 
E3 
2 
8 
RET 
FO 
I 
12/16® 


Notes: 
TRAN> 
F7 
I 


(j) Number 
of slate limes shown for internal/external 
operands. 


(3) The assembler 
does not accept this mnemonic. 
@ The least significant 
3 bits of the opcode are concatenated 
with the following 
8 bits to form an II-bit, 
2's complement, 
offset for the 


relative 
call or jump. 
(5) Slate times for slack located internal/external. 
<IDThe assembler 
uses the generic jump mnemonic 
(BR) to generate 
this instruction. 


All conditional 
jumps 
are 2 byte instructions. 
They require 
8 state times if the jump is taken. 4 if it is not. 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
DB 
JE 
DF 
JGE 
D6 
JGT 
D2 


JNC 
D3 
JNE 
D7 
JLT 
DE 
JLE 
DA 


JH 
D9 
JV 
DD 
JVT 
DC 
JST 
D8 


JNH 
DI 
JNV 
D5 
JNVT 
D4 
JNST 
DO 


These 
instructions 
are 3-byte 
instructions. 
They require 9 state times if the jump 
is taken. 
5 if it is not. 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


18S 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 


lOOP 
CONTROL 


3 BYTES; 
5/9STATE TIMES 
(NOT TAKENITAKEN) 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


DEC 
05 
2 
4 
EXT 
06 
2 
4 


DECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
II 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBl 
WD 


MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
STATE TIMES 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
OD 
3 
7 + I PER SHIFT(£) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + I PER SHIFT(£) 


SHRA 
OA 
3 
SHRAB 
lA 
3 
SHRAL 
OE 
3 
7 + I PER SHIFT(£) 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


SETC 
F9 
I 
4 
DI 
FA 
I 
4 


CLRC 
F8 
I 
4 
EI 
FB 
I 
4 


CLRVT 
FC 
I 
4 
NOP 
FD 
I 
4 


RST 
FF 
1 
16 
SKIP 
00 
2 
4 


NORMALIZE 


II + 1 PER SHIFT 


Notes: 
® This instruction 
takes 2 states to pull RST low, then holds it low for 2 states to initiate a reset. The reset takes 
12 states. 
at which 
lime the program restarts at location 2080H. 
([) Execution 
will take at least 8 states, even for 0 shift. 


Ambient 
Temperature 
Under Bias 
O"C to +70"C 
Storage 
Temperature. 
... 
. 
-40"C 
to +150"C 
Voltage 
from Any Pin to VSS or ANGND 
-0.3V to +7 OV 
Average 
Output 
Current 
from Any Pin 
10 mA 
Power DIssipation 
, . 
15 Watts 


Symbol 
Parameter 


TA 
Ambient 
Temperature 
Under 
Bias 


VCC 
Digital 
Supply 
Voltage 


VREF 
Analog 
Supply 
Voltage 


fOSC 
Oscillator 
Frequency 
- 


VPD 
Power-Down 
Supply 
Voltage 


'NOTICE: 
Stresses 
above 
those 
listed 
under 
"Absolute 
MaXImum 
Ratings" 
may cause 
permanent 
damage 
to the 
deVIce. ThiS IS a'stress rating only and functional 
operation 
of 
the deVIce 
at these 
or any 
other 
conditions 
above 
those 
indicated 
In the operational 
sections 
of this specification 
IS 
not ImplIed. 
Exposure 
to absolute 
maximum 
rating 
condI- 
tions for extended 
pen ods may al/ect 
deVIce relIabIlIty. 


Min 
Max 
Units 


0 
-70 
C 


450 
550 
V 
--- 


45 
55 
V 


VCC-03 
VCC+03 
V 


60 
12 
MHz 


450 
550 
V 


I 
I 
---=t 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Inpu! Low Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
(Except 
RESET) 
2.0 
VCC+0.5 
V 


VIHl 
Input High Voltage, FiE"SET Rising 
2.4 
VCC+0.5 
V 


VIH2 
Input High Voltage, RESET 
Falling 
2.0 
VCC+0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
See Note 1. 


VOH 
Output 
High Voltage 
2.4 
V 
See Note 2. 


ICC 
VCC Supply Current 
200 
mA 
All outputs 
disconnected. 


IPD 
VPD Supply Current 
1 
mA 
Normal operation 
and Power-Down. 


IREF 
VREF Supply Current 
15 
mA 


III 
Input Leakage 
Current 
to all pins of HSI, PO, P3, 
±10 
/lA 
Vin=O 
to VCC 
P4, and to P2.1. 
See Note 3 


IIH 
Input High Current to EA 
100 
/lA 
VIH=2.4V 


ilL 
Input Low Current to all pins of P1, and to P2.6, 
-100 
/lA 
VIL=0.45V 
P2.7. 


1IL1 
Input Low Current to ~ 
-2 
mA 
VIL= 0.45V 


IIL2 
Input Low Current 
P2.2, P2.3, P2.4, READY 
-50 
/lA 
VIL=0.45V 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
fTEST=lMHz 


1. IOL ~ 036 mA for all pins of Pl. lor P2.6 and P27. and for all pins of P3 and P4 when used as ports 


IOL ~ 20 mA for TXD. RXD (In sellal port mode 0). PWM. CLKOUT. ALE. SHE. RD. WR. and all pins of HSO and P3 and P4 when used 
as external memory bus (ADO-AD15) 


2 
IOH = 
- 20 JiA for all pins of Pl. for P2.6 ad P27 


IOH = - 200 JJ.Afor TXD. RXD (In sellal port mode 0). PWM. CLKOUT ALE SHE. WR. and all pinS of HSO and P3 and P4 when used 
as external memory bus (ADO-AD15) 


P3 and P4. when used as ports. have open-drain outputs 


3. Analog Conversion not in process 


inter 


AID CONVERTER 
SPECIFICATIONS 


AID Converter 
operation 
is verified only on the 8097, 
8397, 8095, 8395 


The absolute conversion accuracy is dependent on the 
accuracy of VREF. The specifications 
given below as- 


sume adherence 
to the Operating 
Conditions 
section 


of these data sheets. Testing is done at VREF = 5.120 
volts. 


Resolution. 
. 
. :!:0.001 VREF 


Accuracy. 
.. 
:!:0.004 VREF 


Differential 
nonlinearity 
:!:0002 
VREF max 


Integral nonlinearity 
:!:0.004 VREF max 


ChanneHo-chanel 
matching 
. 
. 
:!: 1 LSB 


Crosstalk 
(DC to 100kHz) 
- 60dB max 


AC CHARACTERISTICS 


Test Conditions: 
Load capacitance 
on output pins = BOpf 
Oscillator 
Frequency 
= 12.00 MHz 
4.50 Volts, = VCC •= 5.50 Volts; 0 C ,= Temperature, 
= 70 C 


Timing 
Requirements 
(other system components 
must meet these specs) 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX 
READY Hold after CLKOUT 
falling edge 
0(1) 
nsec 


TLLYV 
End of ALE to READY Setup 
2Tosc-60 
nsec 


TLLYH 
End of ALE to READY high 
4Tosc - 60 (2) 
nsec 


TYLYH 
Non-ready 
time 
1000 
nsec 


TAVDV 
Address 
Valid to Input Data Valid 
5Tosc-80 
nsec 


TRLDV 
RD/ Active to Input Data Valid 
3Tosc-60 
nsec 


TRXDZ 
End of RD/ to Input Data FIQat 
0 
Tosc-20 
nsec 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.00 
12.00 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
nsec 


TCHCH 
CLKOUT 
Period 
3Tosc (3) 
3Tosc (3) 
nsec 


TCHCL 
CLKOUT 
High Time 
Tosc-20 
Tosc+20 
nsec 


TCLLH 
CLKOUT 
Low to ALE High 
-5 
20 
nsec 


TLLCH 
ALE Low to CLKOUT 
High 
Tosc-20 
Tosc+40 
nsec 


TLHLL 
ALE Pulse Width 
Tosc-25 
Tosc+15 
nsec 


TAVLL 
Address 
Setup to End of ALE 
Tosc-50 
nsec 


TLLRL 
End of ALE to RD/ or WR/ active 
Tosc-20 
nsec 


TLlAX 
Address 
hold after End of ALE 
Tosc-20 
nsec 


TWLWH 
WR/ Pulse Width 
2Tosc-35 
nsec 


TaVWX 
Output Data Setup to End of WR/ 
2Tosc-60 
nsec 


TWXaX 
Output Data Hold after End of WR/ 
Tosc-25 
nsec 


TWXLH 
End of WR/ to next ALE 
2Tosc-30 
nsec 


TRLAH 
AD/ Pulse Width 
3Tosc-30 
nsec 


TAHLH 
End of AD/ to next ALE 
Tosc-25 
nsec 


NOTES: 
1. If the 4S-pin part is being used then this timing can be generated 
by assuming 
that the CLKOUT 
falling edge has occurred 
at 2Tosc+55 
(TLLCH(max) 
+ TCHCL(max)) 
after the falling edge of ALE. 


2. 
If more than one wait state is desired, 
add 3Tosc for each additional 
wait state. 


3. CLKOUT 
is directly generated 
as a divide by 3 of the oscillator. 
The period will be 3Tosc 
:!: 5 nsec if Tosc is constant 
and 
the rise and fall times on XTAL 1 are less than 10 nsec. 
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COMPONENTS 


High-Performance 
Event 
Interface For A Microcomputer 


As silicon technology 
advances 
to provide 


denser geometries, 
timer structures 
have 


become more elegant and powerful. 


Microcontrollers 
are 
microprocessors 
specially configured to monitor and con- 
trol mechanisms 
and processes rather 


than manipulate data. The systems they 
are imbedded 
in are often called real 


time control 
systems; microcontrollers 
always incorporate 
some form of timer 


structure to allow synchronization 
with 


the outside 
or 'real' world. 
As silicon 


technology advances to provide denser 
geometries. these structures have become 
more elegant and powerful. 


This trend can be seen in the Intel 


8048. the Motorola 
6801. and the Intel 


8051 which were introduced at approx- 
imately two and a half year intervals 
starting in 1976. The 8048 has a single 
8-bit timer; the 680 I has a 16-bit timer. 
and the 8051 has two 16-bit timers. The 
new l6-bit microcontroller 
from Intel. 


the 
8096. 
has an 
independent 
High 


Speed 
I/O 
subsystem 
which provides 
the functionality 
of four to eight 16-bit 


timers. While this subsystem is designed 
to provide an integrated 
approach 
to 
measuring 
and controlling 
time mod- 
ulated signals. it is easier to describe as 
separate input and output units. 


High Speed Input Unit 
The purpose of the High Speed Input 
unit is to allow the measurement 
of the 


periods of incoming pulse or frequency 
modulated 
inputs with high resolution 


and minimal softwarc overhead. A block 
diagram 
of 
the 
hardware 
used 
to 
accomplish this goal is shown in Figure 
I. The heart of this unit is a program- 
mable change detector which monitors 
the four I 0 pins of the 8096 which are 
designated 
as 
"High 
Speed 
Inputs" 


(HSI.O-HSU). 
The operating 
mode of the change 


detector is controlled 
by a by1e register 


which can be written as register 3 of the 
onboard 
register file. This register has 


the predeclared 
namc HSLMODE 
in 
the 8096 assembly language. Thc regis- 
ter contains a separate field for each of 


HSI.O 


HSI.1 
HSI.2 
HSI3 


the four HSI pins. There are two bits in 
each of these fields and they are encoded 
as follows: 


00 Capture every eighth positive 
transition 
o I Capture 
positive 
transitions 
only 
10 Capture 
negative transitions 


only 
II 
Capture 
both 
positive 
and 
negative transitions 


It is also possible to disconnect one or 
more of the HSI pins from the change 
detector by writing into one of the two 
I/O 
control 
registers. 
This 
register. 


known 
to the assembly 
language 
as 


lOCO is addressed 
as register 15H of 


the on-board register file. HSI pins that 


Event 
FIFO 
(8)<20) 


Figure I: Diagram shows the High-Speed 
Input 
Unit which is used to measure incoming pulse 
or frequency 
modulated 
inputs. 


Microcomputer 


HSOO 
HSO 1 
HSO.2 
HSO.3 
HS04 
HSOS 


have to be disconnected from the change 
detector are available for use as normal 
digital inputs and two of them (HSI.2 
and 
HSI.3) can be used by the High 


Speed Output unit. 


When a change (or changes) of the 
required type occurs, four bits of change 
information. 
along 
with 
the 
current 


value 
of T1MERI, 
are 
loaded 
into 
a FIFO 
(first-in, 
first-out 
memory). 


Each set bit in this field indicates that a 
change occurred on the corresponding 
input pin. 


The time reference for the HSI unit is 


T1MERI, 
a sixteen bit counter which is 


incremented 
every eight state times by 


the CPU clock. With a 12 M Hz crystal 
this gives a resolution 
of 2.0 microsec- 


(}.S HSO.O- HSO.S 
6 
HSO.OAnd HSO.l 


7 
HSO.2And HS03 


8-8 Software Timers 


E 
Reset Timer 2 


F 
Start AID Conversion 


onds. T1MERI 
is cleared by reset and 
then starts incrementing. 
It cannot 
be 


written to by the software but can be 
read as a sixteen bit word at any time. 
When its count goes from all ones to 
zero a flag is set and an interrupt gener- 
ated. 
The software 
can use this flag 


and/ or interrrupt 
to extend the meas- 


urement range of the HSI unit. 


The FIFO 
that is used to store the 


change and time information 
is eight 
levels deep (including the holding regis- 
ter) and 20 bits wide. The oldest entry in 
the FIFO is placed in the holding regis- 
ter. When the holding register is· read 
then the next oldest entry will drop into 
it and another 
cell of the FIFO 
will 
beeome available 
for input data. 
An 


interrupt 
ean be gene;ated either when 


one or more entries exist in the FIFO or 
when seven or more entries exist. The 
ehoice is made by the software by setting 
a bit in I/O control register I (lOCI). 


The 
8096 only supports 
byte and 


word 
operands 
for most 
operations. 


The 
holding 
register 
is 20 bits wide 


hence the holding 
register 
is broken 


down into two registers. The l6-bit time 
field is read as a word register and is 
known as HSLTIME 
to the assembler. 


The change information 
is read as an 


eight-bit byte known as HSLSTATUS. 
The four extra bits in this byte are used 
to report the state of the HSI pins at the 
time the register is read (not at the time 
the 
reported 
change 
occurred). 
The 


holding register is cleared after the HSL 
TIME is read so that HSLSTATUScan 
be read at any time to monitor 
the 


actual 
state of the HSI pins without 


losing data from the FIFO. 


High Speed Output Unit 


The High Speed Output unit senes the 
output requirements of the system in the 
same way as the HSI unit serves the 
input. It allo\\s the generation of pulse 
and frequency modulated 
signals \\ith 


high resolution 
and minimal software 
overhead. It can also be used to generate 
time delays for the operating 
soft\\are 
and to trigger the A D converter at pre- 
cise time intervals for signal processing 
algorithms. 
A block diagram 
of the 


HSO hardvsare is shown in Figure 2. 
The HSO unit is driven by a Content 
Addressable 
Memory (CAM) \\hlch is 
23 bits wide and eight levels deep. The 


(continued 
all page 120) 


Figure 3: Diagram shows format 
of Command 
Tag. The lower (our 


bits specify 
the basic operation and the remaining three bit~ Ofe 
options 
10 the basic operation. 


Figure 4: F(f.!lIre\hoh 
_,1111'doc/... ami r('\{'( 
0pli0I1.\ orTI At f:Rl 
lOell 
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23 bits are broken into a 16 bit time tag 
and 
a seven 
bit command 
tag. The 
command 
tag tells it when to do it. The 


format of the command 
tag is shown in 


Figure 3. The lower four bits of the tag 
specify 
the 
basic 
operation 
and 
the 
remaining three bits specify options to 
the basic operation. 
The basic opera- 


tions supported 
are: 


Write to one of the six pins con- 
trolled by the HSO unit (HSO.O- 
HSO.5). 
Write to HSO.O and HSO.I with 
a single command. 
Write to HSO.2 and HSO.3 with 
a single command. 
Set one of four software 
timer 


flags. 
Reset Timer 2. 
Trigger an A D conversion. 


If an operation 
on an HSO pin is 


specified. then the value to be written to 
the pin is taken 
from bit five of the 


command 
tag. Note that if two HSO 


pins are to be modified with the same 
command 
then both will be set to the 


same state. Bit five of the command 
tag 


is ignored 
for the other 
HSO opera- 


tions. Bit four of the command 
tag en- 


ables 
the generation 
of an 
interrupt 


which 
occurs 
when the command 
is 
executed. 
There are two interrupts generated by 


the HSO unit. One of them indicates 
that an operation 
involving a HSO pin 


has occurred. and the other is used to 
signal that 
one of the internal 
HSO 


functions 
(such as setting a software 
timer flag) has been completed. 
Bit six 


of the command tag controls which one 
of the two timers available to the HSO 
unit will be used as a time base for the 
command. 
If bit six is a zero then the 


command 
tag will be executed 
when 


TI M ER I becomes equal to the time tag 
stored in the C AM. If bit six is a one 
then the command tag isexecuted based 
on TIMER2. 
In either case the com- 


mand is flushed from the CAM as soon 
as it is executed. 
One of the timers (TIMER I) used by 


the HSO unit is the same timer that is 
used 
by 
the 
HSI 
unit. 
The 
other 


(TIMER2) 
is used only by the HSO 


unit. TIMER2allows 
HSOevents 
to be 


generated on a time base that is different 
from that of the CPU. Like TIMERl 
it 


is a 16 bit counter that can be read but 
not written to by the software. 
It also 


has an overflow flag and interrupt 
to 
indicate that it has incremented from a 
source external to the 8096 and can be 
reset by a number of paths in addition to 
system reset. The options available are 
shown in Figure 4. 


The clock input can come either from 
a specific pin designated as the TIClK 
or it can come from HSI.I depending 
on the state of lOCO.: which is set by the 
software. 
In either case the counter 
is 
incremented 
on both edges of the clock 


signal. TIMER2 
can be reset by a spe- 


cific pin designated as T2RST or it can 
be reset by HSO.O. It is also possible for 
the software to lock out external sources 
of reset (by clearing 
10CO.3) and/ or 
reset TIMER2 
directly (via lOCO. I) or 
indirectly via a command 
stored in the 


CAM. 
Note that 
this last possibility 


allows TIMER2 
to be configured as a 
modulation 
counter since the software 
can command 
the HSO unit to clear 
TIMER2 
when it reaches a given value. 


Commands are loaded into the CA M 
from the 23 bit wide holding register 
which. like the holding register for the 
HSI unit. is actually made up of a byte 
register 
(HSO_COMMAND) 
which 


stores the command 
tag and a word 
register isconsidered loaded after HSO_ 
TIME 
is loaded so the software must 
always load 
HSO_COMMAND 
and 
then load HSO_TIME. 


The softwljre must also ensure that 
the loading of the two registers is not 
interrupted 
by an interrupt service rou- 
tine which uses the HSO unit. If such an 
interrupt occurs immediately following 
the loading of HSO_COM MAND then 
the subsequent loading of HSO_TIME 
will reload the command 
tag written 
into the holding register by the interrupt 
service routine. The safest procedure is 
to lockout interrupts during the loading 
of the holding registers. however a care- 


ful examination 
of the control flow of 
the 
program 
may 
show 
this 
to 
be 


unnecessary. 


If there is an empty cell in the CAM 
when the holding register is loaded then 
the command 
and its time tag will be 
loaded into the CAM within seven state 
times (1.75 microseconds at 12 MHz). It 
is important 
to note that a command 
will not execute from the holding regis- 
ter, it must be loaded into the CAM. If 
the CAM is full then the command 
will 
remain in the holding register until one 
of the commands already in the CAM is 
executed and flushed. 


Two status flags are available to help 
the software manage the CAM. One of 
them indicates that the holding register 
is full or the CAM is full. Once a com- 
mand is loaded into the CAM it cannot 
be read or overwritten, 
it can only be 


flushed after it is executed. To support 
those 
situations 
where 
the 
software 


wishes to cancel a command after it has 
been loaded, the HSO unit isconfigured 
so that two operations 
to a I-iSO pin 
which cancel each other will not effect 
the setting of the pin ifthey are executed 
with identical time tags. 


Application 
Example 


Since the 8096 incorporates a full duplex 
asynchronous 
serial port in its hardware 
it may seem strange 
that one would 
want to implement 
a software driven 
serial port using the high speed I/O fea- 
tures. There are, however, many useful 
configurations 
of microcontroller 
sys- 
tems which in fact require more than a 
single serial port. An obvious example 
would be a network of 8096 controllers 
which use the hardware 
serial port for 
interprocessor communications. 
One (or 
more) of these controllers might also be 
required to communicate 
with a CRT 
terminal 
used to supervise or monitor 


Figure 5: Figurt' shows 
standard 
IO-bit asyn- 


chronous frame. 
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The serial output 
process is simpler 
than the receive 
process because 
there is no need to 
synchronize 
with 


the outside 
world. 


the system. Another example would be 
a simple CRT terminal design based on 
an 8096 which needs one serial port for 
communication 
and another for driving 


a slave printer. It may also be true that 
this is, in fact, a strange requirement 
In 


any case it is an excellent example to 
show how the high speed I/O features of 
the 8096 might be used. 
The objective is to add a software 
driven asynchronous 
serial port to the 
8096 that 
provides 
full duplex 
seriai 
communication 
at 2400 baud. A stand- 


ard frame consisting of a START bit, 
eight data bits and a STOP bit will be 
assumed. 
A 
high 
speed 
input 
pin 


(HSLO) will be used for received data 
and a high speed output pin (HSLO) for 
transmit data. 


A standard ID-bitasynchronous frame 
is shown in Figure S. The figure also 
shows 
the 
points 
in time 
where the 
receive process must sample the incom- 


ing data stream and take some action. 
The first timing point (labeled T,O) isthe 
leading edge of the start bit, the accurate 
sensing of this edge is important because 
all subsequent sample times are relative 
to this edge. This event also places the 
highest burden 
on the sampling algo- 
rithm because it can occur at any point 
in time. The rest of the sampling events 
occur at some multiple of one-half a bit 
period relative to the edge of the start bit 
The 
diagram 
uses the symbol 
B to 


represent a bit period. 


At the second sample. which occurs 


half way through the start bit. the data 
must be checked to make sure it is still a 
SPACE. 
If it is not. a noise pulse has 
caused a false start and the receive pro- 
cess must be reinitialized. The next eight 
samples are used to shift in the serial 
data 
stream. 
The last sample. 
which 


occurs 
19 one-half bit times after the 


leading edge of the start bit. is used to 
verify that the stop bit is valid (i.e. it is in 
the MARK state). If it is not the a fram- 
ing error 
must be reported 
since it is 


likely that the receiver is not properly 
synchronized with the transmitter. 


The HSI unit is an ideal mechanism 
for detecting the leading edge of the start 
bit All that needs to be done is to set the 
mode register to detect negative going 
edges on HSLO. 


The software timer interrupt 
service 
routine 
implem¢nts 
a 
simple 
state 
machine based on the variable count. 
The routine also arranges for the next 
sample by issuing a command 
to the 
HSO unit to generate another software 


timer interrupt at the appropriate 
time. 


This is done in all states unless the recep- 
tion of the character 
is complete 
or a 


false START 
bit has been detected. 


Under these conditions the receive pro- 
cess must be reinitialized 
by enabling 


HSLO into the event FIFO (by setting 
IOCO.O)instead of retriggering the soft- 
ware timer. 


The serial output 
process is simpler 


than the receive process because there is 
no need to synchronize with the outside 
world. A transmission 
can be started at 


any time by setting the TxD line to a 
space for one bit time to form 
the 


START bit Following the START bit 
are the eight data bits and the STOP bit 
The HSO interrupt 
service routine can 


be used to transmit the data and the stop 
bit but the transmit 
process must be 


initialized . 


The only real complication in the HSO 


interrupt service routine is that there are 
no flags available 
in the 8096 which 


indicate 
which 
of the 
HSO 
outputs 


caused the interrupt 
In many systems 


this 
does 
not 
represent 
a 
problem 


because the HSO unit can be treated as 
a write only device. It is given com- 
mands which are to be executed at the 
proper time but no feedback is required 
to indicate when the proper 
time has 


been reached. In this case, however, the 
feedback is required since the CAM isn't 
deep enough to hold all of the transi- 
tions required for a character. Even if it 
were big enough 
it is unlikely that so 


many CAM locations 
would be dedi- 


cated to serial output 
0 


CHAPTER 7 
MCS®-51 ARCHITECTURE 


The MCS~·51 family of 8-bit microcontrollers 
consists of 
the devices 
listed in Table 
I, all of which are based on 
the MCS-51 architecture 
shown in Figure 7-I. The original 


8051 was built in HMOS 
I technology. 
The HMOS 
11 


version, 
which is the device 
currently 
in production, 
is 
called the 8051AH. 
The term "8051," 
however, 
is still 


often used to generically 
refer to all of the MCS-51 family 


members. 
This is the case throughout 
this manual, except 


where specifically 
stated otherwise. 
Also for brevity, 
the 


term "8052" 
is used to refer to both the 8052 and the 


8032, unless otherwise 
noted. 
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The newest MCS-51 
members, 
the 8032 and 8052, have 


more 
on-chip 
memory 
and an additional 
16-bit timer/ 
counter. The new timer can be used as,a timer, a counter, 
or to generate 
baud rates for the serial port. As a timer/ 
counter, 
it operates in either a 16-bit auto-reload 
mode or 


a 16-bit "capture" 
mode. This new feature is described 


in Section 7.6.2. 


Pinouts are shown in the individual data sheets and on the 
inside back cover of this handbook. 


ON-CHIP 
ON-CHIP 
PROGRAM 
DATA 


PART 
TECHNOLOGY 
MEMORY 
MEMORY 


8051 
HMOS 
4K-ROM 
128 


8031 
HMOS 
NONE 
128 


8751H 
HMOS I 
4K-EPROM 
128 


80C51 
CHMOS 
4K-ROM 
128 


80C31 
CHMOS 
NONE 
128 


8052 
HMOS 
8K-ROM 
256 


8032 
HMOS 
NONE 
256 


The major MCS®-51 features are: 
• 
8-Bit CPU 
• 
On-Chip 
oscillator 
and clock circuitry 
• 
32 I/O lines 
• 
64K address space for external data memory 
• 
64K address space for external program 
memory 
• 
Two 16-bit timer/counters 
(three on 8032/8052) 
• 
A five-source 
interrupt 
structure 
(six sources on 


8032/8052) 
with two priority 
levels 


• 
Full duplex serial port 
• 
Boolean processor 


The 8051 has separate address spaces for Program Mem- 
ory and Data Memory. 
The Program 
Memory can be up 


to 64K bytes long. The lower 4K (8K for 8052) may reside 
on-chip. The Data Memory can consist of up to 64K bytes 
of off-chip 
RAM, 
in addition 
to which it includes 
128 


bytes of on-chip 
RAM (256 bytes for the 8052), 
plus a 


number of "SFRs" 
(Special Function Registers) 
as listed 


below. 


Symbol 


*ACC 


*B 


*PSW 


SP 


DPTR 


Name 


Accumulator 


B Register 


Program 
Status Word 


Stack Pointer 


Data Pointer 
(con- 
sisting of DPH and DPL 


Port 0 


Port 1 


Address 


OEOH 


OFOH 


ODOH 


81H 


83H 
82H 


80H 


90H 


Symbol 
Name 
Address 


*P2 
Port 2 
OAOH 
*P3 
Port 3 
OBOH 
*IP 
Interrupt 
Priority Control 
OB8H 
*IE 
Interrupt 
Enable Control 
OA8H 
TMOD 
Timer/Counter 
Mode 
Control 
89H 


*TCON 
Timer/Counter 
Control 
88H 


+*T2CON 
Timer/Counter 
2 Control 
OC8H 


THO 
Timer/Counter 
0 
(high byte) 
8CH 


TLO 
Timer/Counter 
0 
(low byte) 
8AH 
TH1 
Timer/Counter 
1 
(high byte) 
8DH 


TL1 
Timer/Counter 
1 
(low byte) 
8BH 


+TH2 
Timer/Counter 
2 
(high byte) 
OCDH 


+TL2 
Timer/Counter 
2 
(low byte) 
OOCH 


+ RCAP2H 
Timer/Counter 
2 Capture 
Register 
(high byte) 
OCBH 


+ RCAP2L 
Timer/Counter 
2 Capture 
Register 
(low byte) 
OCAH 


*SCON 
Serial Control 
98H 


SBUF 
Serial Data Buff 
99H 


PCON 
Power Control 
87H 


The SFRs marked 
with an asterisk 
(*) are both bit- and 


byte-addressable. 
The 
SFRs 
marked 
with 
a plus 
sign 


(+) are present 
in the 8052 only. The functions 
of the 


SFRs are described 
as follows. 


ACC is the Accumulator 
register. The mnemonics 
for ac- 


cumulator-specific 
instructions, 
however, 
refer to the ac- 


cumulator 
simply as A. 


The B register 
is used during multiply 
and divide opera- 


tions. For other instructions 
it can be treated 
as another 
scratch pad register. 


The PSW register contains program status information 
as 


detailed in Figure 7-2. 


The Shick Pointer register is 8 bits wide. It is incremented 
before data is stored during PUSH and CALL executions. 
While the stack may reside 
anywhere 
in on-chip 
RAM, 


the Stack Pointer is initialized 
to 07H after a reset. This 
causes the stack to begin at location 08H. 


The Data Pointer (DPTR) consists of a high byte (DPH) 
and a low byte (DPL). 
Its intended function 
is to hold a 
16-bit address. 
It may be manipulated 
as a 16-bit register 
or as two independent 
8-bit registers. 


PO, PI, 
P2 and P3 are the SFR latches of Ports 0, I, 2 
and 3, respectively. 


The Serial Data Buffer is actually two separate registers, 
a transmit buffer and a receive buffer register. When data 
is moved to SBUF, it goes to the transmit 
buffer where 
it is held for serial transmission. 
(Moving a byte to SBUF 
is what initiates 
the transmission.) 
When data is moved 


from SBUF, it comes from the receive buffer. 


Register pairs (THO, TLO), (THI, 
TLl), 
and (TH2, TL2) 
are the 16-bit counting 
registers for Timer/Counters 
0, I, 
and 2, respectively. 


The register 
pair (RCAP2H, 
RCAP2L) 
are the capture 
registers for the Timer 2 "capture 
mode." 
In this mode, 
in response 
to a transition 
at the 8052's 
TIEX 
pin, TH2 
and TL2 are copied into RCAP2H 
and RCAP2L. 
Timer 


(MSB) 
I 
CY 


2 also has a 16-bit auto-reload 
mode, and RCAP2H 
and 


RCAP2L hold the reload value for this mode. More about 
Timer 2's features in Section 7.6.2. 


Special 
Function 
Registers 
IP, 
IE, 
TMOD, 
TCON, 


TICON, 
SCON, 
and PeON 
contain 
control 
and status 


bits for the interrupt 
system, 
the timer/counters, 
and the 
serial port. They are described 
in later sections. 


XTALl and XT AL2 are the input and output of a single- 
stage on-chip inverter, 
which can be configured 
with off- 
chip components 
as a Pierce oscillator, 
as shown in Figure 


7-3. The on-chip circuitry, 
and selection of off-chip com- 


ponents to configure the oscillator are discussed in Section 


(LSB) 


P 
I 


Symbol 
Position 
Narne and Significance 
Symbol 
Position 
Name and Significance 


CY 
PSW.7 
Carryllag. 
OV 
PSW.2 
Overflow 
lIag. 


AC 
PSW.6 
Auxiliary 
Carry 
flag. 
PSW.1 
(reserved) 
(For BCD operations.) 
P 
PSW.O 
Parityllag. 
Set/cleared 
by hardware 
each instruc- 


tion cycle to indicate an odd/even 
FO 
PSW.5 
Flag 0 
number of "one" bits in the accumu- 


(Available 
to tha usar for genaral 
lator, i.e., even parity. 


purposes.) 


Note- 
the contents 
of (RS1, RSO) enable the working 
register 
RS1 
PSW.4 
Register bank Select control bits 1 & O. 
banks as follows: 


Set/cleared 
by software to determine 
(O.O)-Bank 
0 
(OOH-Q7H) 
RSO 
PSW.3 
working 
register bank (see Note). 
(O.1)-Bank 
1 
(08H-OFH) 
(1.0)-Bank 
2 
(10H-17H) 
(1.1)-Bank 
3 
(18H-1FH) 


7.13. A more detailed discussion 
will be found in Appli- 


cation Note AP-155, 
"Oscillators 
for Microcontrollers," 
which is included in this manual. 


phases, 
states, and machine cycles, 
which are described 
in the next section. 


The oscillator, 
in any case, drives the internal clock gen- 


erator. The clock generator provides the internal clocking 
signals to the chip. 
The internal 
clocking 
signals are at 


half 
the 
oscillator 
frequency, 
and 
define 
the 
internal 


A machine 
cycle consists 
of 6 states (12 oscillator 
pe- 
riods). 
Each state is divided 
into a Phase 
I half, during 


which the Phase 
I clock is active, 
and a Phase 2 half, 


I 


S1 I 
S2 I 
S3 I 
S4 I 
S5 I 
S6 I 
S1 I 
S2 I 
S3 I 
S4 I 
S5 I 
S6 I 
S1 I 
~n~n~n~n~n~n~n~n~n~n~n~n~n 


I 


(A) 1-byte, l-cyele 
instruetionJ 
e.g., INC A. 


I 
I 


I 
I 
I 


I 
I 


I 
I 


READ 2ND BYTE.!_ [_R:~ 
NEXT OPCODE. 


READ OPCODE. 
READ NEXT 
OPCODE 
(DISCARD). 


I 
(C) l-byte, 
2-eyele insluetion. 
e.g.• INC DPTR. 


I 


READOPCODE 


(MOVX). 
READ NEXT 


OPCODE 
(DISCARD) 


l ADDR 


ACCESS EXTERNAL 
MEMORY 


ADDR/DATA 


CONTROL 
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during which the Phase 2 clock is active. Thus, a machine 
cycle consists 
of 12 oscillator 
periods, 
numbered 
SIP1 


(State I, Phase I), through S6P2 (State 6, Phase 2). Each 
phase lasts for one oscillator 
period. 
Each state lasts for 
two oscillator 
periods. 
Typically, 
arithmetic 
and logical 


operations 
take place during Phase I and internal register- 


to-register 
transfers 
take place during Phase 2. 


The diagrams in Figure 7-4 show the fetch/execute 
timing 


referenced 
to the internal states and phases. 
Since these 
internal clock signals are not user accessible, 
the XTAL2 


oscillator signal and the ALE (Address Latch Enable) sig- 
nal are shown 
for external 
reference. 
ALE is normally 


activated 
twice during each machine 
cycle: once during 
SlP2 
and S2PI, 
and again during S4P2 and S5P!. 


Execution of a one-cycle 
instruction begins at S IP2, when 


the opcode is latched into the Instruction 
Register. 
If it is 
a two-byte instruction, 
the second byte is read during S4 


of the same machine cycle. If it is a one-byte instruction, 
there is still a fetch at S4, but the byte read (which would 
be the next opcode), 
is ignored, 
and the Program Counter 
is not incremented. 
In any case, execution 
is complete 
at 


the end of S6P2. Figures 7-4A and 7-4B show the timing 
for a I-byte, 
I-cycle instruction 
and for a 2-byte, 
I-cycle 


instruction. 


Most 8051 instructions 
execute in one cycle. MUL (mul- 


tiply) and DIV (divide) are the only instructions 
that take 


more than two cycles to complete. 
They take four cycles. 


Normally, two code bytes are fetched from Program Mem- 
ory during every machine 
cycle. 
The only exception 
to 


this is when a MOVX instruction 
is executed. 
MOVX is 


a I-byte 
2-cycle 
instruction 
that accesses 
external 
Data 


Memory. During a MOVX, two fetches are skipped while 
the external Data Memory is being addressed and strobed. 
Figures 7-4C and 7-4D show the timing for a normal 
1- 
byte, 2-cycle instruction 
and for a MOVX instruction. 


All four ports in the 8051 are bidirectional. 
Each consists 


of a latch (Special Function Registers 
PO through P3), an 
output driver, and an input buffer. 


ALTERNATE 
INPUT 
FUNCTION 


(D) PORT 3 BIT 


Figure 7-5. 8051 Port Bit Latches and 1/0 Buffers 


'See 
Figure 7-6 for details of the internal 
pullup. 


The output drivers of Ports 0 and 2, and the input buffers 
of Port 0, are used in accesses to external memory. In this 
application, 
Port 0 outputs 
the low byte of the external 


memory 
address, 
time-multiplexed 
with the byte being 


written or read. Port 2 outputs the high byte of the external 
memory 
address 
when the address is 16 bits wide. Oth- 


erwise the Port 2 pins continue to emit the P2 SFR content. 


All the Port 3 pins, and (in the 8052) two Port I pins are 
multifunctional. 
They are not only port pins, but also serve 


the functions 
of various special features as listed below: 


PORT PIN ALTERNATE 
FUNCTION 


·P1.0 
T2 (Timer/Counter 
2 
external 
input) 
T2EX (Timer/Counter 
2 
capture/reload 
trigger) 
RXD (serial input port) 
TXD (serial output port) 
INTO (external 
interrupt) 
INT1 (external 
interrupt) 
TO (Timer/Counter 
0 external 
input) 
T1 (Timer/Counter 
1 external 
input) 
WR (external 
Data memory 
write strobe) 
RD (external 
Data memory 
read strobe) 


*PI.O and PI. I serve these alternate functions only on the 
8052. 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 


The alternate 
functions 
can only be activated 
if the cor- 


responding 
bit latch in the port SFR contains 
a I. Oth- 


erwise the port pin is stuck at O. 


Figure 
7-5 shows 
a functional 
diagram 
of a typical 
bit 


latch and I/O buffer in each of the four ports. The bit latch 
(one bit in the port's 
SFR) is represented 
as a Type D 


flip-flop, which will clock in a value from the internal bus 
in response 
to a "write 
to latch" 
signal from the CPU. 
The Q output of the flip-flop is placed on the internal bus 
in response to a "read 
latch" 
signal from the CPU. The 


level of the port pin itself is placed on the internal bus in 
response 
to a "read 
pin" 
signal from the CPU. 
Some 


instructions 
that read a port activate 
the "read 
latch" 
signal, 
and others activate 
the "read 
pin" 
signal. 
More 


about that in Section 7.4.4. 


As shown in Figure 7-5, the output drivers of Ports 0 and 
2 are switchable 
to an internal ADDR and ADDRJDA TA 


bus by an internal CONTROL 
signal for use in external 


memory accesses. 
During external memory accesses, 
the 


P2 SFR remains unchanged, 
but the PO SFR gets Is written 


to it. 


Also shown in Figure 7-5, is that if a P3 bit latch contains 
a I, then the output level is controlled by the signal labeled 
. 


"alternate 
output function." 
The actual P3.X pin level is 


always available 
to the pin's 
alternate 
input function, 
if 


any. 


Ports I, 2, and 3 have internal pull-ups. 
Port 0 has open- 
drain outputs. Each I/O line can be independently 
used as 


an input or an output. 
(Ports 0 and 2 may not be used as 


general purpose I/O when being used as the ADDRJDATA 
BUS). 
To be used as an input, 
the port bit latch must 
contain a I, which turns off the output driver FET. Then, 
for Ports I, 2, and 3, the pin is pulled high by the internal 
pull-up, 
but can be pulled low by an external 
source. 


Port 0 differs in not having internal pullups. 
The pullup 
FET in the PO output driver (see Figure 7-5A) is used only 
when the Port is emitting 
Is during external memory ac- 
cesses. Otherwise the pullup FET is off. Consequently 
PO 


lines that are being used as output 
port lines are open 
drain. Writing a I to the bit latch leaves both output FETs 
off, so the pin floats. In that condition 
it can be used as 


a high-impedance 
input. 


Because Ports 1,2, 
and 3 have fixed internal pullups they 


are sometimes 
called 
"quasi-bidirectional" 
ports. 
When 
configured as inputs they pull high and will source current 
(IlL, in the data sheets) when externally 
pulled low. Port 
0, on the other hand, is considered 
"true" 
bidirectional, 
because when configured 
as an input it floats. 


All the port latches in the 8051 have Is written to them 
by the reset function. 
If a 0 is subsequently 
written to a 


port latch, it can be reconfigured 
as an input by writing 


a I to it. 


In the execution 
of an instruction 
that changes 
the value 


in a port latch, the new value arrives at the latch during 
S6P2 of the final cycle of the instruction. 
However, 
port 
latches are in fact sampled 
by their output 
buffers 
only 


during Phase I of any clock period. 
(During Phase 2 the 
output buffer holds the value it saw during the previous 
Phase 
I). Consequently, 
the new value in the port latch 
won't actually appear at the output pin until the next Phase 
I, which will be at SIPI 
of the next machine cycle. 


If the change requires a O-to-I transition 
in Port I, 2, or 


3, an additional 
pull-up 
is turned 
on during 
SIPI 
and 


SIP2 of the cycle in which the transition 
occurs. 
This is 


done to increase 
the transition 
speed. 
The extra pull-up 


can source about 
100 times the current 
that the normal 


pull-up can. It should be noted that the internal pull-ups 
are field-effect 
transistors, 
not linear resistors. 
The pull- 
up arrangements 
are shown in Figure 7-6. 


In HMOS versions of the 8051, the fixed part of the pull- 
up is a depletion-mode 
transistor 
with the gate wired to 


the source. 
This transistor 
will allow the pin to source 


2 OSC. 
PERIODS 
6J~~ 


A. HMOS Configuration. 
The enhancement 
mode transistor 
is turned 
on for 2 osc. periods after a makes a 1-to-0 transition. 


Q 
FROM 
PORT 


LATCH 


B. CHMOS Configuration. 
pFET 1 is turned on for 2 osc. 


periods after a makes a 1-to-0 transition. 
During this 


time, pFET 1 also turns on pFET 3 through the inverter 
to form a latch which holds the 1. pFET 2 is also on. 


Figure 7-6. Ports 1 and 3 HMOS and CHMOS Internal Pull-up Configurations. 
Port 2 is similar 
except that it holds the strong 
pUllup on while emitting 
1s that are address 
bits. 
(See text, "Accessing 
External 
Memory.") 


about 0.25 mA when shorted to ground. 
In parallel with 


the 
fixed 
pull-up 
is an 
enhancement-mode 
transistor, 


which is activated 
during S I whenever 
the port bit does 
a O-to-I transition. 
During this interval, 
if the port pin is 
shorted to ground, 
this extra transistor 
will allow the pin 


to source an additional 
30 mA. 


In the CHMOS 
versions, 
the pull-up 
consists 
of three 
pFETs. It should be noted that an n-channel 
FET (nFET) 
is turned on when a logical 
1 is applied to its gate, and 
is turned off when a logical 0 is applied to its gate. A p- 
channel FET. (pFET) is the opposite: it is on when its gate 
sees a 0, and off when its gate sees a I. 


pFET 1 in Figure 7-6B is the transistor 
that is turned on 
for 2 oscillator 
periods after a 0-10-1 transition 
in the port 


latch. While it's on, it turns on pFBT 3 (a weak pull-up), 
through the inverter. This inverter and pFET form a latch 
which hold the I. 


Note that if the pin is emitting 
a I, a negalive glitch on 
the pin from some external 
source can turn off pFET 3, 


causing the pin to go into a float state, pFET 2 is a very 
weak pull-up 
which is on whenever 
the nFET is off, in 
traditional 
CMOS style. It's only about 1/10 the strength 
of pFET3. 
Its function 
is to restore a 1 to the pin in the 


event the pin had a 1 and lost it to a glitch. 


The output buffers of Ports I, 2, and 3 can each drive 4 
LS TfL 
inputs. 
These ports on HMOS versions 
can be 


driven in a normal manner by any TfL 
or NMOS circuit. 


Both HMOS 
and CHMOS 
pins can be driven by open- 


collector and open-drain 
outputs, but note that O-to-I tran- 


sitions will not be fast. In the HMOS device, 
if the pin 


is driven by an open collector 
output, 
a O-to-I transition 


will have to be driven 
by the relatively 
weak: depletion 


mode FET in Figure 7-6(A). 
In the CHMOS 
device, 
an 


input 0 turns off pull-up 
pFE13, 
leaving only the very 


weak: pull-up pFET2 to drive the transition. 


Port 0 output 
buffers 
can each drive 8 LS TTL inputs. 


They 
do, 
however, 
require 
external 
pull-ups 
to drive 


NMOS inputs, except when being used as the ADDRESS! 
DATA bus. 


Some instructions 
that read a port read the latch and others 


read the pin. Which ones do which? The instructions 
that 


read the latch rather than the pin are the ones that read 
a value, possibly change it, and then rewrite it to the latch. 
These 
are called 
"read-modify-write" 
instructions. 
The 


instructions 
listed below 
are read-modify-write 
instruc- 


tions. When the destination 
operand 
is a port, or a port 


bit, these instructions 
read the latch rather than the pin: 


ANL 
ORL 
XRL 


(logical AND, e.g., ANL P1,A) 
(logical OR, e.g., ORL P2,A) 
(logical EX-OR, e.g., XRL 
P3,A) 
(jump If bit = 1 and clear bit, 
e.g., JBC P1.1, LABEL) 
(complement 
bit, e.g., CPL 
P3.0) 
(increment, 
e.g., INC P2) 
(decrement, 
e.g., DEC P2) 
(decrement 
and jump if not 
zero, e.g., DJNZ P3, LABEL) 


MOV PX. V,C (move carry bit to bit V of 
Port X) 


CLR PX.V 
(clear bit V of Port X) 


SET PX.V 
(set bit V of Port X) 


INC 
DEC 
DJNZ 


It is not obvious that the last three instructions 
in this list 


are read-modify-write 
instructions, 
but they are. They read 


the port byte, 
all 8 bits, modify the addressed 
bit, then 


write the new byte back to the latch. 


The reason that read-modify-write 
instructions are directed 


to the latch rather 
than the pin is to avoid 
a possible 


misinterpretation 
of the voltage level at the pin. For ex- 


ample, 
a port bit might be used to drive the base of a 
transistor. 
When a I is written to the bit, the transistor 
is 


turned on. If the CPU then reads the same port bit at the 
pin rather than the latch, it will read the base voltage of 
the transistor 
and interpret 
it as a O. Reading 
the latch 


rather than the pin will return the correct value of I. 


Accesses 
to external 
memory 
are of two types: accesses 


to external Program Memory and accesses to external Data 
Me~ 
Accesses 
to external Program 
Memory use sig- 


nal PSEN (program 
store enable) as the read strobe. 
Ac- 


cesses to external Data Memory use RD or WR (alternate 
functions 
of P3.7 and P3.6) to strobe the memory. 


Fetches from external Program Memory 
always use a 16- 
bit address. 
Accesses 
to external 
Data Memory 
can use 


either a 16-bit address (MOVX 
@DPTR) 
or an 8-bit ad- 


dress (MOVX 
@Ri). 


Whenever 
a 16-bit address 
is used, the high byte of the 
address 
comes 
out on Port 2, where 
it is held for the 


duration 
of the read or write cycle. 
Note that the Port 2 


drivers use the strong pullups during the entire time that 
they are emitting 
address bits that are Is. This is during 


the execution 
of a MOVX 
@DPTR 
instruction. 
During 


this time the Port 2 latch (the Special Function Register) 
does not have to contain 
1s, and the contents of the Port 


2 SFR are not modified. 
If the external memory cycle is 


not immediately 
followed 
by another 
external 
memory 


cycle, 
the undisturbed 
contents 
of the Port 2 SFR will 
reappear 
in the next cycle. 


If an 8-bit address is being used (MOVX @Ri), 
the con- 


tents of the Port 2 SFR remain at the Port 2 pins throughout 
the external memory cycle. This will facilitate 
paging. 


In any case, the low byte ofthe address is time-multiplexed 
with the data byte on Port O. The ADDRIDATA 
signal 


drives both FETs in the Port 0 output buffers. 
Thus, 
in 
this application 
the Port 0 pins are not open-drain 
outputs, 


and do not require external pull-ups. 
Signal ALE (address 


latch enable) should be used to capture the address 
byte 


into an external 
latch. 
The address 
byte is valid at the 


negative 
transition 
of ALE. 
Then, 
in a write cycle, 
the 


data byte to be written appears on Port 0 just before WR 
is activated, 
and remains 
there until after WR is deacti- 


vated. 
In a read cycle, 
the incoming 
byte is accepted 
at 


Port 0 just before the read strobe is deactivated. 


During 
any access to external 
memory, 
the CPU writes 


OFFH to the Port 0 latch (the Special Function Register), 
thus obliterating 
whatever information 
the Port 0 SFR may 


have been holding. 


External Program Memory is accessed under two conditions: 


I) Whenever 
signal EA is active; or 
2) Whenever the program counter (PC) contains a number 


that is larger than OFFFH (IFFFH 
for the 8052). 


low to enable the lower 4K (8K for the 8032) program 
bytes to be fetched from external 
memory. 


When the CPU is executing out of external Program Mem- 
ory, all 8 bits of Port 2 are dedicated to an output function 
and may not be used for general 
purpose 
I/O. 
During 
external program 
fetches they output the high byte of the 
PC. During 
this time the Port 2 drivers 
use the strong 
pullups to emit PC bits that are Is. 


The read strobe for external 
fetches 
is PSEN. 
PSEN 
is 


not activated 
for internal 
fetches. 
When the CPU is ac- 


cessing 
external 
Program 
Memory, 
PSEN 
is activated 
twice every cycle 
(except 
during 
a MOVX 
instruction) 


whether or not the byte fetched is actually needed for the 
current instruction. 
When PSEN is activated 
its timing is 


not the same as RD. A complete 
RD cycle, 
including 
activation 
and deactivation 
of ALE and RD, 
takes 
12 


oscillator periods. 
A complete 
PSEN cycle, including ac- 


tivation 
and deactivation 
of ALE 
and PSEN, 
takes 
6 


oscillator 
periods. 
The execution 
sequence 
for these two 


types 
of read 
cycles 
are 
shown 
in Figure 
7-7 
for 


comparison. 


7.5.2 ALE 


The main function of ALE is to provide a properly timed 
signal to latch the low byte of an address 
from PO to an 


external latch during fetches from external Program Mem- 
ory. For that purpose 
ALE is activated 
twice every ma- 
chine cycle. 
This activation 
takes place even when the 
cycle involves 
no external 
fetch. The only time an ALE 


pulse doesn't 
come out is during 
an access 
to external 


Data Memory. 
The first ALE of the second 
cycle of a 


MOVX 
instruction 
is missing 
(see Figure 
7-7). 
Conse- 


quently, 
in any system 
that does not use external 
Data 


Memory, 
ALE is activated 
at a constant 
rate of 1/6 the 


oscillator frequency, 
and can be used for external clocking 


or timing purposes. 
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7.5.3 Overlapping 
External Program and 
Data Memory Spaces 


In some applications 
it is desirable 
to execute a program 


from the same physical memory that is being used to store 
data. In the 8051, the external Program and Data Memory 
spaces can be combined 
by ANDing 
PSEN and RD. A 


positive-logic 
AND of these two signals produces 
an ac- 


tive-low 
read strobe that can be used for the combined 


E!!1sical memory. 
Since the PSEN cycle is faster than the 


RD cycle, the external 
memory 
needs to be fast enough 


to accommodate 
the PSEN cycle. 


The 8051 has two 16-bit timer/counter 
registers: 
Timer 


o and Timer 
I. The 8052 has these two plus one more: 


Timer 2. All three can be configured 
to operate either as 


timers or event counters. 


In the "timer" 
function, 
the register is incremented 
every 


machine 
cycle. 
Thus, 
one can think of it as counting 


machine 
cycles. 
Since a machine 
cycle 
consists 
of 
12 


oscillator 
periods, 
the count rate is II I2 of the oscillator 


frequency. 


In the "counter" 
function, 
the register is incremented 
in 


response to a I-to-O transition at its corresponding 
external 


input pin, TO, TI or (in the 8052) T2. In this function, 
the external 
input is sampled 
during 
S5P2 of every ma- 


chine cycle. When the samples show a high in one cycle 
and a low in the next cycle, the count is incremented. 
The 


new count value appears 
in the register 
during S3P I of 


the cycle following 
the one in which the transition 
was 


detected. 
Since it takes 2 machine 
cycles (24 oscillator 


periods) 
to recognize 
a I-to-O transition, 
the maximum 


count rate is 1124 of the oscillator 
frequency. 
There are 


no restrictions 
on the duty cycle 
of the external 
input 
signal, but to ensure that a given level is sampled at least 
once before it changes, 
it should be held for at least one 
full machine cycle. 


In addition to the "timer" 
or "counter" 
selection, 
Timer 
o and Timer 
I have four operating 
modes from which to 
select. Timer 2, in the 8052, has three modes of operation: 
"capture," 
"auto-reload" 
and "baud 
rate generator." 


These timer/counters 
are present in both the 805 I and the 
8052. The "timer" 
or "counter" 
function 
is.selected 
by 


control bits clf in the Special Function 
Register TMOD 
(Figure 6-8). These two timer/counters 
have four operating 
modes, 
which 
are 
selected 
by bit-pairs 
(MI, 
MO) in 
TMOD. 
Modes 0, I, and 2 are the same for both timer/ 


counters. 
Mode 3 is different. 
The four operating 
modes 


are described 
below. 


Putting either Timer 
into mode 0 makes 
it look like an 
8048 Timer, 
which is an 8-bit counter with a divide-by- 
32 prescaler. 
Figure 7-9 shows the mode 0 operation 
as 


it applies to Timer 
I. 


In this mode, the timer register 
is configured 
as a 13-bit 
register. 
As the count rolls over from all Is to all Os, it 
sets the timer 
interrupt 
flag TFI. 
The counted 
input is 
enabled 
to the Timer when TRI 
= I and either GATE 
= 0 or INTI = 1. (Setting GATE = I allows the Timer 
to be controlled 
by external input INTI, 
to facilitate pulse 
width measurements.) 
TRI is a control bit in the Special 
Function 
Register 
TCON 
(Figure 
7-10). 
GATE 
is in 
TMOD. 


""______ 
_ 
A 
_ 
'v'" 
'v'" 
TIMER 1 
TIMER 0 


Gating control When set. Timer/counter 
"x" is enabled only while "INTx" pin is 
high and "TRx" control pin is set. When 
cleared Tlmer"x" 
Is enabled 
whenever 
"TRx" control bit is set 


Timer or Counter 
Selector Cleared for 
Timer operation 
(input from internal 
system clock). Set for Counter opera- 
tion (input from "Tx" input pin). 


Operating 
Mode 
MC5-48 Timer "TLx" 
serves 
ss live-bit 


pre.caler. 
16 bit Timer/Counter 
"THx" and 


"TLx"are 
cascaded; 
there is no prescaler 
8-bit auto-reload 
timer·counter 
"THx" 


holds a value which is to be reloaded 
into "TLx" each time it overllows. 


(Timer 0) 
l:LO is an eight-bit 
timer 


counter-controlled 
by the 


standard 
Timer 
0 control 
bits 


THO is an eight-bit 
timer 


only controlled 
by Timer 1 


control bits. 


(Timer 
1) Timer-counter 
1 stopped. 


The 13-bit register 
consists 
of all 8 bits of TH I and the 
lower 5 bits of TLI. 
The upper 3 bits of TLI 
are inde- 
terminate and should be ingored. Setting the run flag (TRl) 
does not clear the registers. 


Mode 0 operation 
is the same for Timer 0 as for Timer 


I. Substitute 
TRO, TFO and INTO for the corresponding 
Timer 
1 signals 
in Figure 
7-9. There 
are two different 


GATE bits, one for Timer 1 (TMOD.7) 
and one for Timer 


o (TMOD.3). 


Mode 
I is the same as Mode 0, except 
that the Timer 


register is being run with all 16 bits. 


Mode 2 configures 
the timer register 
as an 8-bit counter 
(TLl) 
with automatic 
reload, 
as shown 
in Figure 
7-11. 


Overflow 
from TLI 
not only sets TFI, 
but also reloads 


TLI with the contents ofTH I, which is preset by software. 
The reload leaves THI 
unchanged. 


Timer 
I in Mode 3 simply holds its count. 
The effect is 


the same as setting TRI 
= O. 


_______ 
1eff = 1 


T1 PIN 
- 


(MSB) 


_T_F_l 
T_R_l 
T_FO 
T_R_O_I 
IEl 


Symbol 
Position 
Name and Significance 


TFl 
TCON.7 
Timer 1 oy.r1low 
Flag. Sot by hardware 


on timer/counter 
overflow. Cleared 
by hardwlre 
when processor 
vector. 
to Interrupt 
routine. 
TR1 
TCON.6 
Timer 1 Run control bit. SeUcleared 
by software to turn timer/counter 
onloff. 


TFO 
TeON.S 
Timer 0 overflow Flag. Set by hardware 
on timer/counter 
overflow. Cleared 
by hardware when processor 
vector. 
to Interrupt 
routine. 
TRO 
TCON.4 
Timer 0 Aun control bit. SeVcleared 
by 


software to turn timer/counter 
on/off. 


(LSB) 


liTO 
I 


Symbol 
Position 
Name snd Signilicance 


IEl 
TCON.3 
Interrupt 
1 Edge flag. Sot by hardware 
when extemallnterrupt 
edge detected. 


Cleared when interrupt processed. 
ITl 
TCON.2 
Interrupt 
1 Type control 
bit. SoVcleared 
by software 
to specify 'ailing 
edgellow 
level triggered 
extemallnterrupts. 


IEO 
TCON.l 
Interrupt 
0 Edge flag. Sot by hardware 
when external interrupt edge detected. 
Cleared when interrupt processed. 


ITO 
TCON.O 
Interrupt 
0 Type control 
bit. SeVcleared 
by software 
to speci'y 
'ailing 
edgellow 
leyel 


triggered 
external interrupts. 


Timer 0 in Mode 3 establishes 
TLO and THO as two sep- 


arate counters. 
The logic for Mode 3 on Timer 0 is shown 


in Figure 7-12. TLO uses the Timer 0 control bits: clf, 
GATE, TRO, INTO, and TFO. THO is locked into a timer 
function (counting machine cycles) and takes over the use 
of TRI and TFI from Timer 
I. Thus, THO now controls 
the "Timer 
I" 
interrupt. 


Mode 3 is provided for applications 
requiring 
an extra 8- 


bit timer or counter. 
With Timer 0 in Mode 3, an 8051 


can look like it has three timer/counters, 
and an 8052, like 
it has four. When Timer 0 is in Mode 3, Timer I can be 


______ 
J elf = 1 


Tl 
PIN 


turned on and off by switching 
it out of and into its own 


Mode 3, or can still be used by the serial port as a baud 
rate generator, 
or in fact, in any application 
not requiring 
an interrupt. 


Timer 2 is a 16-bit timer/counter 
which is present only in 


the 8052. Like Timers 0 and I, it can operate either as a 
ti~ 
or as an event 
counter. 
This 
is selected 
by bit 


C!T2 in the Special 
Function 
Register 
T2CON 
(Figure 


7-13). 
It has three operating 
modes: 
"capture," 
"auto- 


osc ~B----1/12lose 


1/12'ose 


1/1210se--------<~ 
THO~ 
I 
(8bita) 
~INTEAAUPT 


______ 
: eONTAOL 
---- 
TA1 
_ 


(MSB) 


TF2 
EXF2 


Symbol 
Position 


TF2 
T2CON.7 


EXF2 
T2CON.6 


RCLK 
T2CON.5 


TCLK 
T2CON.4 


EXEN2 
T2CON.3 


TR2 
T2CON.2 


C/T2 
T2CON.1 


CP/RL2 
T2CON.O 


(LSB) 


CP/RL2 


Name 
and Significance 


Timer 
2 overflow 
Ilag set by a Timer 
2 overflow 
and must 
be cleared 
by soft- 
ware. TF2 will not be set when either 
RCLK 
= 1 or TCLK 
= 1. 


Timer 2 external 
flag set when either a capture 
or reload is caused by a negative 
transition 
on T2 EX and EXEN2 = 1. When Timer 
2 Interrupt 
Is enabled, 
EXF2 = 1 
will 
cause 
the CPU to vector 
to the Timer 
2 Interrupt 
routine. 
EXF2 must 
be 
cleared 
by software. 


Receive 
clock 
Ilag. 
When 
set, causes 
the serial 
port 
to use Timer 
2 overflow 
pulses lor Its receive 
clock 
in modes 
1 and 3. RCLK = 0 causes Timer 
1 overflow 
to be used lor the receive 
clock. 


Transmit 
clock 
lIag. When 
set, causes 
the serial 
port to use Timer 
2 overflow 
pulses 
lor Its transmit 
clock 
in modes 
1 and 3. TCLK 
= 0 causes 
Timer 
1 over- 
Ilows 
to be used lor the transmit 
clock. 


Timer 
2 external 
enable 
flag. When set, allows a capture 
or reload to occur.s a 
result 
01 a negative 
tranlltlon 
on T2EX II Timer 
21s not being 
used to clock 
the 
serial port. 
EXEN2 = 0 causes 
Timer 
2 to Ignore 
events at T2EX. 


Start/stop 
control 
lor Timer 
2. A logic 
1 Itarts 
the timer. 


Timer 
or counter 
select. 
(Timer 
2) 
0= Internal 
timer 
(OSC/12) 
1 = External 
event counter 
(Ialllng 
edge triggered). 


load" 
and "baud 
rate generator," 
which are selected by 
bits in T2CON 
as shown in Table 2. 


Capture/Reload 
ftag. When set, capturel 
will occur 
on negative 
tranlltlonl 
at 
T2EX It EXEN2 = 1. When cleared, 
auto reloads 
will occur 
either 
with 
Timer 
2 
overflows 
or negative 
transltlonl 
at T2EX when EXEN2 = 1. When either 
RCLK 


= 1 or TCLK 
= 1, thll 
bit Is Ignored 
and the timer 
II lorced 
to auto-reload 
on 


Timer 
2 overflow. 


RCLK+TCLK 
CP/RL2 
TR2 
MODE 


0 
0 
I 
16-bit auto-reload 


0 
I 
I 
16-bit capture 


1 
X 
I 
baud rate generator 


X 
X 
0 
(off) 


In the capture mode there are two options which are se- 
lected by bit EXEN2 
in T2CON. 
If EXEN2 
= 0, then 


Timer 
2 is a 16-bit timer or counter 
which upon over- 


flowing sets bit TF2, the Timer 2 overflow bit, which can 
be used to generate 
an interrupt. 
If EXEN2 
= I, then 


Timer 2 still does the above, 
but with the added feature 


that a I-to-O transition 
at external input T2EX causes the 


current value in the Timer 2 registers, 
TL2 and TH2, to 


be captured 
into registers 
RCAP2L 
and RCAP2H, 
re- 


spectively. (RCAP2L and RCAP2H are new Special Func- 
tion Registers 
in the 8052.) In addition, 
the transition 
at 


T2EX causes bit EXF2 in T2CON 
to be set, and EXF2, 


like TF2, can generate 
an interrupt. 


The capture mode is illustrated 
in Figure 7-14. 


In the auto-reload mode there are again two options, which 
are selected by bit EXEN2 
in T2CON. 
If EXEN2 
= 0, 


then when Timer 2 rolls over it not only sets TF2 but also 
causes the Timer 2 registers 
to be reloaded 
with the 16- 


bit value in registers 
RCAP2L 
and RCAP2H, 
which are 


preset by software. 
If EXEN2 
= I, then Timer 
2 still 


does the above, 
but with the added feature that a I-to-O 


transition at external input T2EX will also trigger the 16- 
bit reload and set EXF2. 


The baud rate generator 
mode is selected by RCLK 
= I 


and/or TCLK 
= I. It will be described 
in conjunction 


with the serial port. 


The serial port is full duplex, meaning it can transmit and 
receive simultaneously. 
It is also receive-buffered, 
mean- 


ing it can commence 
reception 
of a second 
byte before 


a previously 
received byte has been read from the receive 


register. 
(However, 
if the first byte still hasn't 
been read 


by the time reception 
of the second byte is complete, 
one 


of the bytes 
will be lost). 
The 
serial port receive 
and 


transmit 
registers 
are both accessed 
at Special 
Function 


Register SBUF. Writing to SBUF loads the transmit reg- 


ister, and reading 
SBUF 
accesses 
a physically 
separate 


receive register. 


Mode 0: Serial data enters and exits through RXD. TXD 
outputs the shift clock. 
8 bits are transmitted/received: 
8 
data bits (LSB first). The baud rate is fixed at 1/12 the 
oscillator 
frequency. 


Mode 1: 10 bits are transmitted 
(through TXD) or received 
(through RXD): a star! bit (0),8 
data bits (LSB first), and 
a stop bit (I). 
On receive, 
the stop bit goes into RB8 in 
Special 
Function 
Register 
SCaN. 
The 
baud 
rate 
is 


variable. 


Mode 2: II bits are transmitted 
(through TXD) or received 


(through 
RXD): a star! bit (0), 8 data bits (LSB first), a 
programmable 
9th data bit, and a stop bit (I). On transmit, 


the 9th data bit (TB8 in SCaN) 
can be assigned the value 


of 0 or I. Or, for example, 
the parity bit (P, in the PSW) 


could be moved 
into TB8. 
On receive, 
the 9th data bit 
goes into RB8 in Special Function Register SCaN, 
while 


the stop bit is ignored. 
The baud rate is programmable 
to 


either 1132 or 1164 the oscillator 
frequency. 


Mode 3: II bits are transmitted 
(through TXD) or received 


(through 
RXD): a star! bit (0), 8 data bits (LSB first), a 


programmable 
9th data bit and a stop bit (I). 
In fact, 


Mode 3 is the same as Mode 2 in all respects except the 
baud rate. The baud rate in Mode 3 is variable. 


In all four modes, transmission 
is initiated by any instruc- 
tion that uses SBUF as a destination 
register. 
Reception 
is initiated in Mode 0 by the condition RI = 0 and REN = I . 
Reception 
is initiated in the other modes by the incoming 


star! bit if REN = I. 


Modes 2 and 3 have a special provision for multiprocessor 
communications. 
In these modes, 9 data bits are received. 
The 9th one goes into RB8. Then comes a stop bit. The 
port can be programmed 
such that when the stop bit is 


received, 
the serial port interrupt 
will be activated 
only 


if RB8 = I. This feature is enabled 
by setting bit SM2 


in SCaN. 
A way to use this feature 
in multiprocessor 


systems is as follows. 


When the master processor 
wants to transmit 
a block of 


data to one of several slaves, 
it first sends out an address 


byte which 
identifies 
the target 
slave. 
An address 
byte 


differs from a data byte in that the 9th bit is I in an address 
byte and 0 in a data byte. With SM2 = I, no slave will 
be interrupted 
by a data byte. An address byte, however, 


will interrupt 
all slaves, 
so' that each slave can examine 


the received 
byte and see if it is being addressed. 
The 


addressed 
slave will clear its SM2 bit and prepare to re- 


ceive the data bytes that will be coming. 
The slaves that 
weren't 
being addressed 
leave their SM2s set and go on 
about their business, 
ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode I can be used 
to check the validity of the stop bit. In a Mode I reception, 
if SM2 = I, the receive 
interrupt 
will not be activated 


unless a valid stop bit is received. 


The serial port control 
and status register 
is the Special 
Function 
Register 
SCaN, 
shown 
in Figure 
7-16. 
This 


register contains not only the mode selection bits, but also 
the 9th data bit for transmit 
and receive (TB8 and RB8), 


and the serial port interrupt 
bits (TI and RI). 


_______ 
4 cm = 1 
T2 PIN 
J 


(MSB) 
I 
SMO 


(LSB) 


RI 
I 


SMO 
SM1 
Mode 
Description 
Baud Rate 


0 
0 
0 
shift register 
fosc/12 


0 
1 
1 
8-bit UART 
variable 
1 
0 
2 
9-bitUART 
fosc./64 
or 
fosc./32 


3 
9-blt UART variable 


• TB8 
is 
the 
9th 
data 
bit 
that 
will 
be 
transmi"ed 
in modes 
2 and 3. Set 
or clear by software as desired. 


• 
RB8 
in modes 2 and 3, is the 9th data bit 
that was received. 
In mode 
1, 
if 
SM2 " 0, RB8 is the stop bit that 
was received. In mode 0, RBS is 
nolused. 


is transmit 
interrupt 
flag. Set by 
hardware 
at the end of the 8th bit 
time in mode 0, or at the beginning 
of the stop bit in the other modes, 
in any serial transmission. 
Must be 
cleared by software. 


• 
5M2 
enables 
the 
multiprocessor 
com~ 
munication 
feature in modes 2 and 


3. In mode 2 or 3, if 5M2 is set to 1 
then 
RI will not be activated 
if the 


received 9th data bit (RB8) is O. In 
mode 
1, If SM2 " 
1 then 
RI will 
not be activated 
if a valid stop bit 


was not received. 
In mode 0, 5M2 
should beO. 


Is receive 
interrupt 
flag. 
Set 
by 
hardware at the end of the 8th bit 
time in mode 0, or halfway through 
the 
stop 
bit 
time 
in 
the 
other 
modes, In any serial reception 
(ex- 
cept 
see 5M2). 
Must 
be cleared 
by software. 


• 
REN 
enables 
serial 
reception. 
Set 
by 


software to enable reception. 
Clear 
by software to disable reception. 


Oscillator 
Frequency 


12 


The baud rate in Mode 
2 depends 
on the value of bit 
SMOD 
in Special 
Function 
Register 
peON. 
If SMOD 
= 0 (which is its value on reset), 
the baud rate is 1/64 
the oscillator 
frequency. 
If SMOD 
= 1, the baud rate is 


1/32 the oscillator 
frequency. 


2SMOD 
~ 
x (Oscillator 
Frequency) 


In the 8051, the baud rates in Modes 
1 and 3 are deter- 
mined by the Timer 
1 overflow 
rate. In the 8052, these 
baud rates can be determined 
by Timer I, or by Timer 2, 


or by both (one for transmit 
and the other for receive). 


Using Timer 1 to Generate Baud Rates 


When Timer 1 is used as the baud rate generator, 
the baud 


rates in Modes 
1 and 3 are determined 
by the Timer 
1 


overflow rate and the value of SMOD as follows: 


Modes 
I, 3 
2SMOD 


Baud Rate = 32 x (Timer 
1 Overflow 
Rate) 


The Timer 
1 interrupt 
should be disabled 
in this appli- 


cation. 
The 
Timt;r 
itself 
can 
be configured 
for either 


"timer" 
or "counter" 
operation, 
and in any of its 3 run- 
ning modes. 
In the most typical applications, 
it is confi- 


gured 
for "timer" 
operation, 
in the auto-reload 
mode 


(high nibble of TMOD = O0IOB). In that case, the baud 
rate is given by the formula 


2SMOD 
Oscillator 
Frequency 


Modes 
1 3 Baud Rate = 32 x 
12x[256-(THI)] 


One can achieve 
very low baud rates with Timer 
I by 


leaving the Timer 1 interrupt enabled, 
and configuring the 


Timer 
to run as a 16-bit timer 
(high nibble 
of TMOD 


= 00018), 
and using the Timer 1 interrupt to do a 16-bit 
software reload. 


Figure 7-17 lists various commonly 
used baud rates and 
how they can be obtained 
from Timer 
I. 


TIMER 
1 


BAUD 
RATE 
'ose 
SMOD 
CfT 
MODE 
RELOAD 


VALUE 
MODE 
0 MAX: 
1MHZ 
12MHZ 
X 
X 
x 
x 


MODE 
2 MAX' 
375K 
12MHZ 
1 
X 
X 
X 


MODES 
1.3' 62.5K 
12MHZ 
1 
0 
2 
FFH 
19.2K 
11.059 
MHZ 
1 
0 
2 
FDH 
9.6K 
11.059 
MHZ 
0 
0 
2 
FDH 
4.8K 
11.059 
MHZ 
0 
0 
2 
FAH 


2.4K 
11.059 
MHZ 
0 
0 
2 
F4H 
1.2K 
11.059 
MHZ 
0 
0 
2 
E8H 
137.5 
11.986 MHZ 
0 
0 
2 
1DH 
110 
6MHZ 
0 
0 
2 
72H 
110 
12MHZ 
0 
0 
1 
FEEBH 


Figure 7-17. Timer 1 Generated 
Commonly 
Used Baud Rates 


In the 8052, Timer 2 is selected as the baud rate generator 
by setting TCLK and/or RCLK in T2CON (Figure 7-13). 
Note then the baud rates for transmit 
and receive can be 
simultaneously 
different. 
Setting 
RCLK 
and/or 
TCLK 


puts Timer 2 into its baud rate generator 
mode, as shown 


in Figure 7-18. 


EXEN2 


L NOTE 
AVAILABILITY 
OF ADDITIONAL 
EXTERNAL 
INTERRUPT 


The baud rate generator mode is similar to the auto-reload 
mode, in that a rollover 
in TH2 causes the Timer 2 reg- 


isters to be reloaded 
with the 
16-bit value 
in registers 
RCAP2H 
and RCAP2L, 
which are preset by software. 


Now, the baud rates in Modes 
I and 3 are determined 
by 
Timer 2's overflow rate as follows: 


Timer 2 Overflow 
Rate 
Modes 
I, 3 Baud Rate = 
16 


The 
Timer 
can 
be 
configured 
for 
either 
"timer" 
or 


"counter" 
operation. 
In the most typical applications, 
it 


is configured for "timer" 
operation (Crf2 = 0). "Timer" 
operation 
is a little different 
for Timer 2 when it's being 
used as a baud rate generator. 
Normally as a timer it would 


increment every machine cycle (thus at 1112the oscillator 
frequency). 
As a baud rate generator, 
however, 
it incre- 
ments every 
state 
time 
(thus 
at 1/2 the oscillator 
fre- 


quency). 
In that case the baud rate is given by the formula 


Modes 
I, 3 
Oscillator 
Frequency 
Baud Rate = --------~-~--- 
32x[65536 - (RCAP2H, 
RCAP2L)] 


where (RCAP2H, 
RCAP2L) 
is the content 
of RCAP2H 


and RCAP2L 
taken as a 16-bit unsigned 
integer. 


Timer 2 as a baud rate generator is shown in Figure 7-18. 
This Figure 
is valid only 
if RCLK 
+ TCLK 
= 
I in 


TICON. 
Note that a rollover 
in TH2 does not set TF2, 
and will not generate 
an interrupt. 
Therefore, 
the Timer 


2 interrupt does not have to be disabled 
when Timer 2 is 
in the baud rate generator 
mode. Note too, that if EXEN2 
is set, a I-to-O transition 
in T2EX will set EXF2 but will 


not cause a reload from (RCAP2H, 
RCAP2L) 
to (TH2, 
TL2). Thus when Timer 2 is in use as a baud rate gen- 
erator, 
TIEX 
can be used as an extra external 
interrupt, 
if desired. 


It should be noted that when Timer 2 is running (TR2 
I) in "timer" 
function 
in the baud rate generator 
mode, 
one should not try to read or write TH2 or TL2. 
Under 


these conditions 
the Timer 
is being incremented 
every 
state time, and the results of a read or write may not be 
accurate. 
The RCAP registers may be read, but shouldn't 


be written to, because a write might overlap a reload and 
cause write and/or reload errors. Turn the Timer off (clear 
TR2) before accessing 
the Timer 2 or RCAP registers, 
in 


this case. 


Serial data enters and exits through RXD. TXD outputs 
the shift clock. 8 bits are transmitted/received: 
8 data bits 
(LSB first). The baud rate is fixed at 1112 the oscillator 
frequency. 


Figure 7-19 shows a simplified 
functional 
diagram of the 


serial port in mode 0, and associated 
timing. 


Transmission 
is initiated by any instruction that uses SBUF 


as a destination 
register. The "write 
to SBUF" 
signal at 


S6P2 also loads a I into the 9th bit position of the transmit 
shift register and tells the TX Control block to commence 
a transmission. 
The internal 
timing is such that one full 


machine cycle will elapse between 
"write to SBUF," 
and 


activation 
of SEND. 


SEND enables 
the output 
of the shift register 
to the al- 


ternate 
output 
function 
line of P3.0, 
and also enables 


SHIFT 
CLOCK 
to the alternate 
output 
function 
line of 


P3.1. 
SHIFT CLOCK 
is low during 
S3, S4, and S5 of 
every machine cycle, and high during S6, SI and S2. At 
S6P2 of every machine 
cycle in which SEND is active, 


the contents of the transmit shift register are shifted to the 
right one position. 


As data bits shift out to the right, zeros come in from the 
left. 
When 
the MSB 
of the data byte is at the output 


position of the shift register, 
then the I that was initially 


loaded into the 9th position, 
is just to the left of the MSB, 


and all positions 
to the left of that contain 
zeros. 
This 


condition 
flags the TX Control block to do one last shift 


and then deactivate 
SEND and set T I. Both of these ac- 


tions occur at SIP I of the 10th machine cycle after" 
write 


to SBUF." 


Reception 
is initiated 
by the condition 
REN = I and RI 


= O. At S6P2 of the next machine cycle, the RX Control 
unit writes the bits 11111110 to the receive shift register, 
and in the next clock phase activates 
RECEIVE. 


RECEIVE 
enables SHIFT CLOCK to the alternate output 
function 
line of P3.1. 
SHIFT CLOCK 
makes transitions 
at S3PI 
and S6PI 
of every machine 
cycle. 
At S6P2 of 
every machine 
cycle 
in which 
RECEIVE 
is active, 
the 
contents of the receive shift register are shifted to the left 
one position. 
The value that comes 
in from the right is 


the value that was sampled at the P3.0 pin at S5P2 of the 
same machine cycle. 


As data bits come in from the right, 
Is shift out to the 


left. When the 0 that was initially loaded into the rightmost 
position arrives at the leftmost position in the shift register, 
it flags the RX Control block to do one last shift and load 
SBUF. At SIPI 
of the 10th machine cycle after the write 


to SCON that cleared RI, RECEIVE 
is cleared and RI is 
set. 


Ten 
bits 
are 
transmitted 
(through 
TXD), 
or received 
(through RXD): a start bit (0), 8 data bits (LSB first), and 
a stop bit (I). 
On receive, 
the stop bit goes into RB8 in 


SCON. 
In the 8051 the baud rate is determined 
by the 


Timer I overflow rate. In the 8052 it is determined 
either 


by the Timer 
I overflow 
rate, or the Timer 
2 overflow 


rate, or both (one for transmit 
and the other for receive). 


Figure 7-20 shows a simplified functional 
diagram of the 
serial port in Mode I, and associated 
timings for transmit 
and receive. 


RXD 
P3.0ALT 
OUTPUT 
FUNCTION 


WRITE 
TO 
SBUF 


TXD 
P3.1ALT 
OUTPUT 
FUNCTION 


RX CLOCK 
RI 
RECEIVE 


RXCONTROL 


RXD 
P3.0ALT 
INPUT 
FUNCTION 


ALE 


--.I1 WRITE TO SBUF 


SENOLS6P2 
~I-------------------------------l-- 


SHIFT 


RXD (DATA OUT) \~~~_~~~_~~~~~~~_''___''''___"' 
_ __''''____L _ 
_''''___'_ 
_ 
_''_'_ 
__' 


TXO (SHIFT CLOCK) 
TI 
IS3Pll 
S6Pl 


--Il WRITE TO SCON (CLEAR RI) 
RIl~ 
_.J,__ 


RECEIVE 
l-- 


SHIFT 


RXD (DATA IN) 


TXD (SHIFT CLOCK) 


WRITE 
TO 
SBUF 


RXClOCIC 
Rxe -----I5"TART8IT{~~OO~-~--~--D-3-----05---D6---D-'---ST-o-p-a-IT 


BIT 
DETECTOR 
SAMPLE 
TIMES 


SHIFT 


RI 


Figure 
7-20. Serial 
Port 
Mode 
1 


TCLK, 
RCLK, and Timer 
2 are present 
in the 805218032 
only. 


Transmission 
is initiated by any instruction that uses SBUF 


as a destination 
register. The "write to SBUF" 
signal also 
loads a I into the 9th bit position 
of the transmit 
shift 


register and flags tbe TX Control unit that a transmission 
is requested. 
Transmission 
actually 
commences 
at SIPI 


of tbe machine 
cycle following 
tbe next rollover 
in the 


divide-by-16 
counter. 
(Thus, 
the bit times are synchro- 


nized to tbe divide-by-16 
counter, 
not to the "write 
to 


SBUF" 
signal). 


The transmission 
begins with activation 
of SEND, which 
puts the start bit at TXD. 
One bit time later, DATA is 
activated, 
which 
enables 
the output 
bit of the transmit 


shift register to TXD. The first shift pulse occurs one bit 
time after that. 


As data bits shift out to the right, 
zeros are clocked 
in 


from the left. When tbe MSB of the data byte is at the 
output position 
of the shift register, 
then the I that was 
initially loaded into the 9th position 
is just to the left of 


the MSB, 
and all positions 
to the left of that contain 


zeroes. This condition flags the TX Control unit to do one 
last shift and then deactivate SEND and set TI. This occurs 
at the 10th divide-by-16 
rollover after "write 
to SBUF." 


Reception 
is initiated 
by a detected 
I-to-O transition 
at 


RXD. For this purpose 
RXD is sampled 
at a rate of 16 


times whatever 
baud rate has been established. 
When a 


transition 
is detected, 
the divide-by-16 
counter 
is imme- 


diately 
reset, 
and 
IFFH 
is written 
into the iilput shift 


register. 
Resetting 
the 
divide-by-16 
counter 
aligns 
its 


rollovers with the boundaries 
of the incoming 
bit times. 


The 
16 states of the counter 
divide 
each bit time into 
16tbs. At tbe 7th, 8th, and 9th counter states of each bit 
time, the bit detector samples the value of RXD. The value 
accepted 
is the value that was seen in at least 2 of the 3 


samples. 
This is done for noise rejection. 
If the value 


accepted 
during 
the first bit time is not 0, the receive 


circuits 
are reset and the unit goes back to looking 
for 


another 
I-to-O transition. 
This is to provide 
rejection 
of 


false start bits. If tbe start bit proves valid, 
it is shifted 


into the input shift register, 
and reception 
of the rest of 


the frame will proceed. 


As data bits come in from the right, 
Is shift out to the 


left. When the start bit arrives at the leftmost position in 
the shift register, 
(which in mode I is a 9-bit register), 
it 


flags the RX Control block to do one last shift, load SBUF 
and RB8, and set RI. The signal to load SBUF and RB8, 
and to set RI, will be generated 
if, and only if, the fol- 


lowing conditions 
are met at the time the final shift pulse 


is generated. 


1) RI = 0, and 
2) Either SM2 = 0, or tbe received 
stop bit = I 


If either of these two conditions 
is not met, the received 


frame is irretrievably 
lost. If both conditions 
are met, the 


stop bit goes into RB8, the 8 data bits go into SBUF, and 
RI is activated. 
At this time, whether tbe above conditions 


are met or not, the unit goes back to looking for a I-to- 
O transition 
in RXD. 


Eleven bits are transmitted 
(through 
TXD), 
or received 
(through 
RXD): a start bit (0), 8 data bits (LSB first), a 


programmable 
9th data bit, and a stop bit (I). On transmit, 


the 9th data bit (TB8) can be assigned 
the value of 0 or 
1. On receive, 
the 9th data bit goes into RB8 in SCaN. 


The baud rate is programmable 
to either 1/32 or 1164 the 


oscillator 
frequency 
in mode 2. Mode 3 may have a var- 
iable baud rate generated 
from either Timer 
I or 2 de- 


pending on the state of TCLK and RCLK. 


Figures 7-21 A and B show a functional 
diagram 
of the 


serial port in modes 2 and 3. The receive portion is exactly 
the same as in mode I. The transmit portion differs from 
mode I only in the 9th bit of the transmit 
shift register. 


Transmission 
is initiated by any instruction that uses SBUF 
as a destination 
register. The" 
write to SB UF" signal also 


loads TB8 into tbe 9th bit position 
of the transmit 
shift 


register and flags the TX Control unit tbat a transmission 
is requested. 
Transmission 
commences 
at SIPI 
of the 


machine cycle following 
the next rollover 
in the divide- 
by-16 counter. 
(Thus, 
the bit times are synchronized 
to 


the divide-by-16 
counter, 
not to the "write 
to SBUF" 


signal.) 


The transmission 
begins with activation 
of SEND, which 
puts the start bit at TXD. 
One bit time later, DATA is 


activated, 
which 
enables 
the output 
bit of tbe transmit 


shift register to TXD. The first shift pulse occurs one bit 
time after that. The first shift clocks a I (the stop bit) into 
the 9th bit position of the shift register. Thereafter, 
only 


zeroes are clocked 
in. Thus, 
as data bits shift out to the 


right, zeroes are clocked 
in from the left. When TB8 is 


at the output position 
of the shift register, 
then the stop 


bit is just to the left of TB8, and all positions 
to the left 
of that contain zeroes. This condition flags the TX Control 
unit to do one last shift and then deactivate 
SEND and 
set TI. This occurs at tbe 11tb divide-by-16 
rollover after 


"write 
to SBUF." 


Reception 
is initiated 
by a detected 
I-to-O transition 
at 


RXD. For this purpose 
RXD is sampled 
at a rate of 16 


times whatever 
baud rate has been established. 
When a 


transition 
is detected, 
the divide-by-16 
counter 
is imme- 
diately reset, and IFFH is written to the input shift register. 


At the 7tb, 8th and 9th counter states of each bit time, the 
bit detector samples the value ofRXD. 
The value accepted 


is the value tbat was seen in at least 2 of the 3 samples. 
If the value accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes back to looking 
for another 
I-to-O transition. 
If the start bit proves valid, 


it is shifted into the input shift register, 
and reception 
of 


the rest of the frame will proceed. 


WRITE 
TO 


SBUF 


SERIAL 
PORT 
INTERRUPT 


TX 
GLOG 


----' 
WRITE TO SBUF 


-----, 
SEND 
DATA LLrS:";"';:;P';-;:I========================='L 
. 


SHIFT 
TRANSMIT 


TXD'~~LQ[I~O~!LL!RI:::Q'D=ciLOQ6::I::m':3:Iiii::~STfio5'iPi'iBii'IT~= 
I 


~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::---------------- 
----'I 
STOPRB~T 
GEN 
~ 
----.JI 


SHIFT 
RI 
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STOP BIT 
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STOP BIT GEN ------, 
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DO 


RECEIVE 
SAMPLE TIMES 


SHIFT 
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Figure 
7-21 B. Serial 
Port 
Mode 3 
TCLK, 
RCLK, 
and Timer 
2 are present 
in the 8052/8032 
only. 


As data bits come in from the right, 
Is shift out to the 
left. When the start bit arrives at the leftmost position in 
the shift register 
(which in modes 2 and 3 is a 9-bit reg- 
ister), it flags the RX Control block to do one last shift, 
load SBUF and RB8, and set RI. The signal to load SBUF 
and RB8, and to set RI, will be generated 
if, and only if, 


the following 
conditions 
are met at the time the final shift 
pulse is generated: 


I) RI = 0, and 
2) Either SM2 = 0 or the received 9th data bit = I 


If either of these conditions 
is not met, the received frame 
is irretrievably 
lost, and RI is not set. IF both conditions 
are met, the received 9th data bit goes into RB8, and the 
first 8 data bits go into SBUF. One bit time later, whether 
the above conditions 
were met or not, the unit goes back 


to looking for a I-to-O transition 
at the RXD input. 


Note that the value of the received 
stop bit is irrelevant 


to SBUF, RB8, or RI. 


The 8051 provides 5 intenupt 
sources. The 8052 provides 
6. These are shown in Figure 7-22. 


The External Intenupts 
INTO and INTI can each be either 


level-activated 
or transition-activated, 
depending 
on bits 


TF2~ 


EXF2~ 


ITO and ITI 
in Register 
TCON. 
The flags that actually 


generate 
these intenupts 
are bits IEO and lEI 
in TCON. 


When an external intenupt 
is generated, 
the flag that gen- 
erated it is cleared by the hardware 
when the service rou- 


tine is vectored 
to only if the intenupt 
was transition- 
activated. 
If the intenupt 
was level-activated, 
then the 
external 
requesting 
source 
is what controls 
the request 


flag, rather than the on-chip hardware. 


The Timer 0 and Timer I Intenupts 
are generated by TFO 
and TFI, 
which are set by a rollover 
in their respective 


timer/counter 
registers (except see Section 7.6.1 for Timer 


o in mode 3). When a timer intenupt 
is generated, 
the 


flag that generated 
it is cleared 
by the on-chip 
hardware 


when the service routine is vectored 
to. 


The Serial Port Intenupt 
is generated 
by the logical OR 


of RI and TI. Neither of these flags is cleared by hardware 
when the service routine is vectored to. In fact, the service 
routine 
will normally 
have to determine 
whether 
it was 


RI or TI that generated the intenupt, 
and the bit will have 


to be cleared in software. 


In the 8052, 
the Timer 
2 Intenupt 
is generated 
by the 


logical OR of TF2 and EXF2. 
Neither 
of these flags is 


cleared by hardware 
when the service routine is vectored 


to. In fact, 
the service 
routine 
may have to determine 


whether it was TF2 or EXF2 that generated 
the intenupt, 


and the bit will have to be cleared in software. 


All of the bits that generate intenupts 
can be set or cleared 


by software, 
with the same result as though 
it had been 
set or cleared 
by hardware. 
That 
is, intenupts 
can be 


generated 
or 
pending 
interrupts 
can 
be 
canceled 
in 
software. 


(MSB) 
(LSB) 
IEA I x IET21 Es·1 En IEX1 IETOIEXOI 


Symbol 
Position 
Function 


EA 
IE.7 
disables all Interrupls. 
II EA: 
0, no Interrupt 


will be acknowledged. 
IlEA: 
1, each Inler- 


rupt source II Individually 
enabled 
or dis- 


abled by seiling 
or clearing 
Its enable bit. 


relerved 


enables 
or disables 
the Timer 
2 overflow 
or capture 
Interrupt. 
If ET2 
= 0, the Timer 
2 
Interruplls 
disabled. 


enables or disables Ihe Serial Porllnler- 
rup!. II ES : 0, Ihe Serial Pori Inlerrupl 
Is 


disabled. 


enables 
or disable. 
the Timer 
1 Overflow 


Inlerrupt. 
II ETl 
: 0, Ihe Timer 1 Interrupt 


Is disabled. 


enables 
or dllable. External 
Interrupt 
1. 


II EX1 : 0, Exlernallnterrupt 
1 Is disabled. 


enables 
or disables 
the Timer 
0 Overflow 
Interrupl. 
II ETO : 0, the Timer 0 Inlerrupt 


Is disabled. 


enables 
or disables 
External 
Interrupt 
O. If 


EXO = O. External Interrupt 0 II dl•• bled. 


IE.6 


ET2 
IE.S 


ES 
IE.4 


ET1 
IE.3 


EX1 
IE.2 


ETO 
IE.1 


EXO 
IE.O 


Each of these interrupt sources can be individually 
enabled 


or disabled by setting or clearing a bit in Special Function 
Register 
IE (Figure 7-23). 
Note that IE contains 
also a 


global 
disable 
bit, EA, 
which 
disables 
all interrupts 
at 


once. 


Each interrupt source can also be individually programmed 
to one of two priority 
levels by setting or clearing 
a bit 


in Special 
Function 
Register 
IP (Figure 
7-24). 
A low- 


priority interrupt can itself be interrupted by a high-priority 
interrupt, 
but not by another 
low-priority 
interrupt. 
A 


high-priority 
interrupt 
can't 
be interrupted 
by any other 


interrupt 
source. 


Symbol 
Position 
Function 


IP.7 
reserved 


IP.6 
reserved 


PT2 
IP.5 
define. 
the Timer 
2 Interrupt 
priority 
level. PT2 = 1 programs 
It to the higher 
priority 
level. 


PS 
IP.4 
dellnes 
the Serial Porllnterrupt 
priority 
level. PS = 1 programs 
It to the higher 
priority 
level. 


PT1 
IP.3 
dellnes 
the Timer 
1 Interrupt 
priority 
level. PT1 = 1 programs 
It to the higher 
priority 
level. 


PX1 
IP.2 
defines 
the External 
Interrupt 
1 priority 
level. PX1 = 1 programs 
It to the higher 
priority 
level. 


PTO 
IP.1 
defines 
the Timer 
0 Interrupt 
priority 
level. PTO = 1 programs 
It to the higher 
priority 
level. 


PXO 
IP.O 
define. 
the External 
Interrupt 
0 priority 
level. PXO = 1 progrems 
It to the higher 
priority 
level. 


·········---C1 
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If two requests 
of different 
priority 
levels are received 


simultaneously, 
the request of higher priority level is ser- 


viced. If requests 
of the same priority 
level are received 


simultaneously, 
an internal 
polling 
sequence 
determines 


which request is serviced. 
Thus within each priority level 


there is a second priority structure determined 
by the poll- 


ing sequence, 
as follows: 


SOURCE 


IEO 


TFO 
IE1 
TF1 


RI+T1 


TF2+EXF2 


PRIORITY 
WITHIN LEVEL 


(hlgh •• t) 


Note that the "priority 
within level" 
structure is only used 


to resolve simultaneous 
requests of the same priority level. 


The interrupt flags are sampled at S5P2 of every machine 
cycle. The samples 
are polled during the following 
ma- 
chine cycle. If one of the flags was in a set condition 
at 


S5P2 of the preceding 
cycle, 
the polling 
cycle will find 


it and the interrupt system will generate an LCALL to the 
appropriate 
service routine, 
provided 
this hardware-gen- 


erated LCALL 
is not blocked 
by any of the following 


conditions: 


I. An interrupt of equal or higher priority level is already 


in progress. 


2. The current (polling) cycle is not the final cycle in the 


execution 
of the instruction 
in progress. 


3. The instruction 
in progress 
is RETI or any access to 


the IE or IP registers. 


Any of these three conditions 
will block the generation 


of the LCALL to the interrupt 
service routine. 
Condition 


2 ensures that the instruction in progress will be completed 


INTERRUPT 
INTERRUPT 


GOES 
LATCHED 


ACTIVE 


LONG CALL TO 
INTERRUPT 
VECTOR ADDRESS 


before vectoring 
to any service routine. 
Condition 
3 en- 


sures that if the instruction 
in progress 
is RETI or any 


access to IE or IP, then at least one more instruction 
will 


be executed 
before any interrupt 
is vectored 
to. 


The polling 
cycle is repeated 
with each machine 
cycle, 
and the values polled are the values that were present at 
S5P2 of the previous 
machine cycle. Note then that if an 


interrupt flag is active but not being responded 
to for one 


of the above conditions, 
if the flag is not still active when 


the blocking 
condition 
is removed, 
the denied 
interrupt 


will not be serviced. 
In other 
words, 
the fact that the 
interrupt 
flag was once active but not serviced 
is not re- 


membered. 
Every polling cycle is new. 


The polling cycle/LCALL 
sequence is illustrated in Figure 


7-25. 


Note that if an interrupt of higher priority level goes active 
prior to S5P2 of the machine cycle labeled C3 in Figure 
7-25, then in accordance 
with the above rules it will be 
vectored to during C5 and C6, without any instruction 
of 
the lower priority routine having been executed. 


Thus the processor 
acknowledges 
an interrupt request by 
executing a hardware-generated 
LCALL to the appropriate 


servicing routine. In some cases it also clears the flag that 
generated 
the interrupt, 
and in other cases it doesn't. 
It 


never clears the Serial Port or Timer 2 flags. This has to 
be done in the user's 
software. 
It clears an external 
in- 
terrupt flag (IEO or lEI) only if it was transition-activated. 
The hardware-generated 
LCALL 
pushes 
the contents 
of 


the Program Counter onto the stack (but it does not save 
the PSW) and reloads the PC with an address that depends 
on the source of the interrupt being vectored to, as shown 
below. 


SOURCE 


IEO 
TFO 
IE1 
TF1 
RI+TI 


TF2+EXF2 


VECTOR 
ADDRESS 


0003H 
OOOBH 
0013H 
001BH 
0023H 
002BH 


Execution 
proceeds 
from that location until the RETI in- 
struction 
is encountered. 
The RETI instruction 
informs 
the processor 
that this interrupt 
routine 
is no longer in 


progress, 
then pops the top two bytes from the stack and 


reloads the Program Counter. Execution of the interrupted 
program continues 
from where it left off. 


Note that a simple RET instruction 
would also have re- 


turned execution 
to the interrupted 
program, 
but it would 
have left the interrupt control system thinking an interrupt 
was still in progress. 


The external 
sources 
can be programmed 
to be level- 


activated or transition-activated 
by setting or clearing 
bit 


ITI or ITO in Register TCON. 
If ITx = 0, external 
in- 


terrupt x is triggered 
by a detected 
low at the INTx pin. 


If ITx = I, external interrupt 
x is edge-triggered. 
In this 


mode if successive 
samples of the INTx pin show a high 


in one cycle and a low in the next cycle, interrupt request 
flag lEx in TCON 
is set. Flag bit lEx then requests 
the 


interrupt. 


Since the external 
interrupt 
pins are sampled 
once each 


machine 
cycle, 
an input high or low should hold for at 


least 12 oscillator 
periods to ensure sampling. 
If the ex- 


ternal interrupt is transition-activated, 
the external source 


has to hold the request pin high for at least one cycle, and 
then hold it low for at least one cycle to ensure that the 
transition 
is seen so that interrupt request flag lEx will be 
set. lEx will be automatically 
cleared by the CPU when 


the service routine is called. 


If the external 
interrupt 
is level-activated, 
the external 
source has to hold the request 
active until the requested 


interrupt 
is actually generated. 
Then it has to deactivate 


the request 
before 
the interrupt 
service 
routine 
is com- 


pleted, 
or else another interrupt 
will be generated. 


The INTO and INTI 
levels are inverted 
and latched into 


IEO and lEI at S5P2 of every machine cycle. The values 
are not actually polled by the circuitry until the next ma- 
chine cycle. If a request is active and conditions 
are right 
for it to be acknowledged, 
a hardware 
subroutine 
call to 


the requested 
service routine 
will be the next instruction 


to be executed. 
The call itself takes two cycles. 
Thus, 
a 


minimum 
of three complete 
machine 
cycles 
elapse 
be- 


tween activation 
of an external 
interrupt 
request and the 


beginning of execution of the first instruction of the service 
routine. 
Figure 7-25 shows interrupt 
response timings. 


A longer 
response 
time would 
result 
if the request 
is 


blocked 
by one of the 3 previously 
listed conditions. 
If 
an interrupt of equal or higher priority level is already in 
progress, 
the additional 
wait time obviously 
depends 
on 


the nature of the other interrupt's 
service routine. 
If the 


instruction 
in progress 
is not in its final cycle, the addi- 


tional wait time cannot be more than 3 cycles, 
since the 


longest 
instructions 
(MUL 
and DIV) are only 4 cycles 


long, 
and if the instruction 
in progress 
is RETI or an 


access to IE or IP, the additional wait time cannot be more 
than 5 cycles (a maximum 
of one more cycle to complete 


the instruction 
in progress, 
plus 4 cycles to complete 
the 


next instruction 
if the instruction 
is MUL or DIV). 


Thus, 
in a single-interrupt 
system, 
the response 
time is 


always more than 3 cycles and less than 8 cycles. 


The 8051 interrupt 
structure allows single-step 
execution 


with very little software 
overhead. 
As previously 
noted, 


an interrupt 
request 
will not be responded 
to while an 


interrupt 
of equal priority 
level is still in progress, 
nor 
will it be responded 
to after RETI until at least one other 


instruction 
has been executed. 
Thus, 
once an interrupt 


routine has been entered, 
it cannot be re-entered 
until at 
least once instruction 
of the interrupted 
program 
is exe- 


cuted. One way to use this feature for single-step operation 
is to program 
one of the external 
interrupts 
(say, INTO) 


to be level-activated. 
The service routine for the interrupt 


will terminate 
with the following 
code: 
JNB 
P3.2,$ 
;WAIT HERE TILL INTO 
GOES HIGH 


JB 
P3.2,$ 
;NOW WAIT HERE TILL 
IT GOES LOW 


RETI 
:GO BACK AND 
EXECUTE 
ONE 
INSTRUCTION 


Now if the INTO pin, which is also the P3.2 pin, is held 
normally 
low, the CPU will go right into the External 
Interrupt 
0 routine 
and stay there until INTO is pulsed 


(from low to high to low). Then it will execute RETI, go 
back to the task program, 
execute 
one instruction, 
and 


immediately 
re-enter 
the External 
Interrupt 
0 routine 
to 


await the next pulsing of P3.2. One step of the task pro- 
gram is executed 
each time P3.2 is pulsed. 


The reset input is the RST pin, which is the input to a 
Schmitt Trigger. 


A reset is accomplished 
by holding the RST pin high for 


at least two machine cycles (24 oscillator 
periods), 
while 


the oscillator is running. The CPU responds by executing 


an internal reset. 
It also configures 
the ALE and PSEN 
pins as inputs. (They are quasi-bidirectional). 
The internal 
reset is executed 
during the second cycle in which RST 
is high and is repeated 
every cycle until RST goes low. 


It leaves the internal registers 
as follows: 


REGISTER 
CONTENT 


PC 
OOOOH 


ACC 
OOH 


B 
OOH 


PSW 
OOH 


SP 
07H 


DPTR 
OOOOH 


PO-P3 
OFFH 


IP (8051) 
XXXOOOOOB 


IP (8052) 
XXOOOOOOB 


IE (8051) 
OXXOOOOOB 


IE (8052) 
OXOOOOOOB 


TMOD 
OOH 


TCON 
OOH 


T2CON (8052 only) 
OOH 


THO 
OOH 


TLO 
OOH 


TH1 
OOH 


TL1 
OOH 


TH2 
OOH 


TL2 
OOH 


RCAP2H (8052 only) 
OOH 


RCAP2L (8052 only) 
OOH 


SCON 
OOH 


SBUF 
Indeterminate 


PCON(HMOS) 
OXXXXXXXB 


PCON (CHMOS) 
OXXXOOOOB 


The internal RAM is not affected by reset. When VCC is 
turned on, the RAM content 
is indeterminate 
unless the 


part is returning from a reduced power mode of operation. 


An automatic 
reset can be obtained 
when VCC is turned 
on by connecting 
the RST pin to VCC through 
a 10 J.Lf 


capacitor and to VSS through an 8.2K!l 
resistor, 
provid- 


ing the VCC risetime does not exceed a millisecond 
and 
the oscillator 
start-up 
time 
does 
not exceed 
io milli- 


seconds. 
This power-on 
reset circuit 
is shown in Figure 


7-26. When power comes on, the current drawn by RST 
commences 
to charge the capacitor. 
The voltage at RST 


is the difference 
between VCC and the capacitor 
voltage, 


and. decreases 
from VCC as the cap charges. 
The larger 
the capacitor, 
the more slowly VRST decreases. 
VRST 
must remain 
above the lower threshhold 
of the Schmitt 
Trigger long enough to effect a complete 
reset. The time 


required 
is the oscillator 
start-up 
time, 
plus 2 machine 
cycles. 


7.11 
POWER-SAVING 
MODES OF 


OPERATION 


For applications 
where power 
consumption 
is a critical 
factor, 
both the HMOS 
and CHMOS 
versions 
provide 


reduced power modes of operation. 
For the CHMOS ver- 


sion of the 8051 the reduced power modes, Idle and Power 
Down, 
are standard 
features. 
In the HMOS 
versions 
a 
reduced 
power mode is available, 
but not as a standard 


feature. 
The local sales office will provide 
ordering 
in- 


formation 
for users requiring 
this feature. 


The power down mode in the HMOS devices allows one 
to reduce 
YCC to zero while saving the on-chip 
RAM 


through 
a backup 
supply connected 
to the RST pin. To 
use the feature, 
the user's 
system, 
upon detecting 
that a 
power failure is imminent, 
would interrupt the processor 


in some manner 
to transfer 
relevant 
data to the on-chip 


RAM and enable the backup power supply to the RST pin 
before YCC falls below its operating 
limit. When power 
returns, 
the backup supply needs to stay on long enough 


to accomplish 
a reset, 
and then can be removed 
so that 
normal operation 
can be resumed. 


CHMOS 
versions 
have two power-reducing 
modes, 
Idle 
and Power Down. The input through which backup power 
is supplied during these operations 
is YCC. Figure 7-27 
shows the internal circuitry 
which implements 
these fea- 


tures. In the Idle mode (IDL = I), the oscillator continues 
to run and the Interrupt, 
Serial Port, and Timer blocks 
continue 
to be clocked, 
but the clock signal is gated off 
to the CPU. In Power Down (PD = I), the oscillator 
is 
frozen. The Idle and Power Down modes are activated by 
setting bits in Special Function Register 
PeON. 
The ad- 
dress 
of this 
register 
is 87H. 
Figure 
7-28 
details 
its 
contents. 


An instruction 
that sets PeON.O 
causes that to be the last 


instruction 
executed 
before going into the Idle mode. In 


p;~ 


XTAL 2 = 
XTAL 1 


(MSB) 


ISMOO I - 
I - I 
GFI 


(LSB) 


PO 0 


SMOD 
PCON.7 
Double Baud rate bit. When set to a 
1, the baud rate is doubled when 
the serial port is being used in 
either modes 1, 2 or 3. 


PCON.6 
(Reserved) 
PCON.S 
(Reserved) 
PCON.4 
(Reserved) 
GF1 
PCON.3 
General-purpose flag bit. 


GFO 
PCON.2 
General-purpose flag bit. 


PO 
PCON.1 
Power Down bit. selling 
this bit 


activates 
power 
down 
operation. 


IDL 
PCON.O 
Idle mode bit. selling 
this bit ac- 


tivates idle mode operation. 


If 15 are written to PO and IDL at the same time, PO 
takes precedence. 
The reset value of peON is 
(OXXXOOOO). 


the Idle mode, the internal clock signal is gated off to the 
CPU, 
but not to the Interrupt, 
Timer, 
and Serial 
Port 
functions. 
The CPU status is preserved 
in its entirety: the 
Stack Pointer, 
Program 
Counter, 
Program 
Status Word, 


Accumulator, 
and all other registers 
maintain 
their data 


during Idle. The port pins hold the logical states they had 
at the time Idle was activated. 
ALE and PSEN hold at 


logic high levels. 


There are two ways to terminate 
the Idle. Activation 
of 


any enabled interrupt will cause PeON.O 
to be cleared by 


hardware, 
terminating 
the Idle mode. The interrupt 
will 
be serviced, 
and following 
RETI the next instruction 
to 


be executed 
will be the one following 
the instruction 
that 


put the device into Idle. 


The flag bits GFO and GFI can be used to give an indi- 
cation if an interrupt occurred during normal operation or 


INTERRUPT, 
SERIAL PORT, 
TIMER BLOCKS 


during an Idle. For example, 
an instruction 
that activates 
Idle can also set one or both flag bits. When Idle is ter- 
minated by an interrupt, 
the interrupt 
service routine can 


examine the flag bits. 


The other way of terminating 
the Idle mode is with a 
hardware reset. Since the clock oscillator 
is still running, 


the hardware 
reset needs to be held active for only two 


machine 
cycles 
(24 oscillator 
periods) 
to complete 
the 


reset. 


An instruction 
that sets PCON.l 
causes that to be the last 


instruction 
executed 
before 
going into the Power Down 


mode. 
In the Power Down mode, 
the on-chip 
oscillator 


is stopped. 
With 
the 
clock 
frozen, 
all functions 
are 


stopped, but the on-chip RAM and Special Function Reg- 
isters are held. The port pins output 
the values held by 


their respective 
SFRs. ALE and PSEN output lows. 


The only exit from Power Down is a hardware reset. Reset 
redefines 
all the SFRs, 
but does not change the on-chip 
RAM. 


In the Power down mode of operation, 
VCC can be re- 
duced 
to minimize 
power 
consumption. 
Care 
must be 


taken, however, to ensure that VCC is not reduced before 
the Power Down mode is invoked, 
and that VCC is re- 


stored 
to its normal 
operating 
level, 
before 
the Power 
Down mode is terminated. 
The reset that terminates Power 


Down also frees the oscillator. 
The reset should not be 


activated 
before VCC is restored to its normal operating 


level, and must be held active long enough to allow the 
oscillator 
to restart and stabilize 
(normally 
less than 10 


msec). 


ADDR. 
OOOOH- 
OFFFH 


The 8751H is the EPROM member of the MCS-51 family. 
This means 
that the on-chip 
Program 
Memory 
can be 


electrically 
programmed, 
and can be erased by exposure 
to ultraviolet 
light. The 8751 H also has a provision 
for 
denying external access to the on-chip Program Memory, 
in order to protect its contents 
against software piracy. 


To be programmed, 
the 8751H must be running with a 4 
to 6 MHz oscillator. 
(The reason the oscillator 
needs to 
be running is that the internal bus is being used to transfer 
address and program data to appropriate internal registers.) 
The address of an EPROM 
location to be programmed 
is 
applied to Port I and pins P2.D-P2.3 
of Port 2, while the 
data byte is applied to Port O. Pins P2.4-P2.6 
and PSEN 
should be held low, and P2.? and RST high. (These are 
all TTL levels except 
RST, 
which requires 
2.5V 
for a 
logic high.) EAlVPP is held normally high, and is pulsed 
to +2IV. 
While EAlVPP is at 21V, the ALEIPROG 
pin, 


which is normally 
being held high, is pulsed low for 50 
msec. 
Then EAlVPP 
is returned 
to high. 
This setup is 


shown in Figure 7.29. 
Detailed timing specifications 
are 


provided 
in the 875lH 
data sheet. 


Note: The EA pin must not be allowed 
to go above the 
maximum 
specified VPP level of 21.5V for any amount 
of time. Even a narrow glitch above that voltage level can 
cause permanent 
damage to the device. 
The VPP source 
should be well regulated 
and free of glitches. 


If the program security bit has not been programmed, 
the 
on-chip Program Memory can be read out for verification 


P2.4 
P2.5 


P2.6 
P2.7 


XTAL2 


XTAL1 
vss 


purposes, 
if desired, 
either during or after the program- 
ming operation. 
The required 
setup, 
which is shown in 
Figure 7.30, is the same as for programming 
the EPROM 


except that pin P2.7 is held at TTL low (or used as an 
active-low read strobe). The address of the Program Mem- 
ory location 
to be read 
is applied 
to Port 
I and pins 


P2.G-P2.3. 
The other Port 2 pins and PSEN are held low. 


ALE, EA, and RST are held high. The contents 
of the 
addressed location will come out on Port O. External pull- 
ups are required on Port 0 for this operation. 


The 
8751H 
contains 
a security 
bit, 
which, 
once 
pro- 


grammed, 
denies electrical 
access by any external means 
to the on-chip Program Memory. The setup and procedure 
for programming 
the security bit are the same as for normal 


ADDR. 
OOOOH· 
OFFFH 


P2.4 
P2.5 


P2.6 


P2.7 


XTAL2 


programming, 
except that pin P2.6 is held at TTL high. 


The setup is shown in Figure 7.31. 
Port 0, Port I, and 


pins P2.G-P2.3 
of Port 2 may be in any state. 


Once the security 
bit has been programmed, 
it can be 


deactivated 
only by full erasure of the Program Memory. 


While it is programmed, 
the internal 
Program 
Memory 


cannot 
be read out, 
the device 
cannot 
be further 
pro- 
grammed, 
and it cannot execute external program 
mem- 


ory. Erasing the EPROM, 
thus deactivating 
the security 


bit, restores the device's 
full functionality. 
It can then be 


re-programmed. 


Erasure of the 8751H Program 
Memory 
begins to occur 


when the chip is exposed to light with wavelengths 
shorter 


PGM DATA 


(USE 
10K 
PULLUPS) 
8751H 


8051 


XTAL1 
PSEN 


VSS 


,I 


P1 


P2.D- 


P2.3 


8751H 
P2.4 
-= 
P2.5 


P2.6 
TTLHIGH 
P2.7 


XTAL2 


XTAL1 


VSS 


than approximately 
4,000 Angstroms. 
Since sunlight and 


fluorescent 
lighting 
have wavelengths 
in this range, 
ex- 


posure to these light sources over an extended time (about 
I week in sunlight, 
or 3 years in room-level 
fluorescent 
lighting) could cause inadvertent erasure. If an application 
subjects the 8751 H to this type of exposure, 
it is suggested 
that an opaque label be placed over the window. 


The recommended 
erasure procedure 
is exposure to ultra- 


violet light (at 2537 Angstroms) 
to an integrated 
dose of 


at least 15 W/cm2. 
Exposing 
the 8751H to an ultraviolet 


lamp of 12,000 J.LW/cm2 rating for 20 to 30 minutes, 
at 


a distance 
of about I inch, should be sufficient. 


f 
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7.13 
MORE ABOUT THE ON-CHIP 
OSCILLATOR 
7.13.1 
HMOS Versions 


The on-chip oscillator 
circuitry 
for the HMOS (HMOS-I 
and HMOS-II) 
members of the MCS-51 family is a single 
stage linear inverter (Figure 7-32), 
intended 
for use as a 
crystal-controlled, 
positive 
reactance 
oscillator 
(Figure 
7-33). 
In this application 
the crystal 
is operated 
in its 


fundamental 
response 
mode as an inductive 
reactance 
in 
parallel resonance with capacitance 
external to the crystal. 


01 


400fi 
RI 
XTAL1 
XTAL2 


02 
r 
PO 


The crystal specifications 
and capacitance 
values (CI and 
C2 in Figure 7-33) are not critical. 
30 pF can be used in 
these positions 
at any frequency 
with good quality crys- 
tals. A ceramic resonator can be used in place of the crystal 
in cost-sensitive 
applications. 
When a ceramic resonator 
is used, CI and C2 are normally 
selected to be of some- 


what higher values, 
typically, 
47 pF. The manufacturer 


of the ceramic 
resonator 
should be consulted 
for recom- 
mendations 
on the values of these capacitors. 


EXTERNAL 


OSCILLATOR 
t 


SIGNAL 


TTL 


GATE 
WITH 
TOTEM-POLE 


OUTPUT 


Figure 7-34. Driving 
the HMOS MC5-S1 Parts 
with an External 
Clock 
Source 


ramic resonators, 
and the selection 
of values for C I and 
C2 can be found in Application Note AP-155, "Oscillators 
for Microcontrollers," 
which is included 
in this manual. 


To drive the HMOS parts with an external clock source, 
apply the external 
clock 
signal to XT AL2, 
and ground 
XTALI, 
as shown in Figure 7-34. A pull-up resistor may 


be used (to increase noise margin), but is optional if VOH 
of the driving gate exceeds the VIHMIN 
specification 
of 
XTAL2. 


The on-chip oscillator 
circuitry for the 80C51, 
shown in 
Figure 7-35, consists of a single stage linear inverter in- 
tended for use as a crystal-controlled, 
positive reactance 


oscillator 
in the same manner as the HMOS parts. How- 
ever, there are some important 
differences. 


One difference 
is that the 80C51 is able to turn off its 


oscillator under software control (by writing a 1 to the PO 
bit in PeON). 
Another difference 
is that in the 80C5l 
the 


internal 
clocking 
circuitry 
is driven 
by the 
signal 
at 


XTALI, 
whereas in the HMOS versions it is by the signal 
at XTAL2. 


The feedback 
resistor Rf in Figure 7-35 consists of par- 


alleled n- and p-channeJ 
FETs controlled 
by the PO bit, 


such that Rf is opened when PO = I. The diodes 0 J and 
02, 
which act as clamps to VCC and VSS, are parasitic 


to the Rf FETs. 


QUARTZ 
CRYSTAL 


OR CERAMIC 


RESONATOR 


The oscillator 
can be used with the same external 
com- 


ponents as the HMOS versions, 
as shown in Figure 7-36. 
Typically, 
C 1 = C2 = 30 pF when the feedback element 


is a quartz crystal, and CI = C2 = 47 pF when a ceramic 
resonator 
is used. 


To drive the CHMOS parts with an external clock source, 
apply 
the external 
clock 
signal 
to XTALl, 
and leave 


XTAL2 float, as shown in Figure 7-37. 


The reason for this change from the way the HMOS part 
is driven can be seen by comparing Figures 7-32 and 7-35. 
In the HMOS devices the internal timing circuits are driven 
by the signal at XTAL2. 
In the CHMOS devices the in- 


ternal timing circuits are driven by the signal at XTALl. 
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Figure 7-37. Driving the CHMOS 
MCS-51 
Parts 


with an External 
Clock Source 


Figures 7-38 through 7-41 show when the various strobe 
and port signals are clocked internally. 
The figures do not 


show rise and fall times of the signals, 
nor do they show 


propagation 
delays between the XTAL2 signal and events 


at other pins. 


Rise and fall times are dependent 
on the external loading 


that each pin must drive. They are often taken to be some- 
thing in the neighborhood 
of 10 nsec, measured 
between 


0.8V and 2.0V. 


Propagation 
delays are different 
for different 
pins. For a 


given pin they vary with pin loading, 
temperature, 
VCC, 


and manufacturing 
lot. If the XT AL2 waveform 
is taken 


as the timing reference, 
prop delays may vary from 25 to 


125 nsec. 


The AC Timings section of the data sheets do not reference 
any timing to the XTAL2 waveform. 
Rather, 
they relate 


the critical edges of control and input signals to each other. 
The timings published in the data sheets include the effects 
of propagation 
delays under the specified test conditions. 


Port 0: Port 0 is an 8-bit open drain bidirectional 
110 port. 


As an open drain output port it can sink 8 LS TIL loads. 
Port 0 pins that have Is written to them float, and in that 
state will function as high-impedance 
inputs. Port 0 is also 


the multiplexed 
low-order 
address 
and data bus during 
accesses 
to external 
memory. 
In this application 
it uses 
strong internal pullups when emitting 
Is. Port 0 also emits 
code bytes during program 
verification. 
In that applica- 
tion, external pullups are required. 


Port 
1: Port I is an 8-bit bidirectional 
110 port with in- 
ternal pullups. 
The port I output buffers can sink/source 
4 LS TIL 
loads. Port I pins that have Is written to them 


are pulled high by the internal pullups, 
and in that state 
can be used as inputs. 
As inputs, 
Port 
I pins that are 
externally 
being pulled low will source current 
(IlL, on 
the data sheet) because of the internal pullups. 


In the 8052, pins PI.O and PI. I also serve the alternate 
functions 
of T2 and T2EX. 
T2 is the Timer 
2 external 


input. T2EX is the input through which a Timer 2 "cap- 
ture" 
is triggered. 


Port 
2: Port 2 is an 8-bit bidirectional 
110 port with in- 


ternal pullups. 
The Port 2 output buffers can sink/source 
4 LS TIL 
loads. Port 2 emits the high-order 
address byte 
during accesses 
to external 
memory 
that use 16-bit ad- 


dresses. 
In this application 
it uses the strong internal pul- 


lups when emitting 
Is. Port 2 also receives the high-order 


address and control bits during 8751H programming 
and 
verification, and during program verification in the 8051AH. 


Port 
3: Port 3 is an 8-bit bidirectional 
110 port with in- 


ternal pullups. 
It also serves the functions of various spe- 
cial features of the MCS-51 
Family, as listed below: 


PORT PIN 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 


ALTERNATE 
FUNCTION 
RXD (serial 
Input port) 
TXD (serial 
output 
port) 


INTO (external 
Interrupt 
0) 
INT1 (external 
Interrupt 
1) 
TO (Timer 0 external 
input) 
!!JTlmer 
1 external 
input) 
WR (external 
data memory 
write strobe) 
AD (external 
data memory 
read strobe) 


RST: 
Reset input. 
A high on this pin for two machine 
cycles while the oscillator 
is running resets the device. 


ALEfPROG: 
Address 
Latch 
Enable 
output 
pulse 
for 


latching 
the low byte of the address 
during 
accesses 
to 
external 
memory. 
ALE is emitted 
at a constant 
rate of 
1/6 of the oscillator 
frequency, 
for external 
timing 
or 
clocking 
purposes, 
even when there are no accesses 
to 
external 
memory. 
(However, 
one ALE pulse is skipped 


during each acces to external Data 
Memory) 
This pin is 
also the program 
pulse 
input 
(PROG) 
during 
EPROM 


programming. 


PSEN: Program Store Enable is the read strobe to external 
Program 
Memory. 
When the device 
is executing 
out of 
external Program Memory, 
PSEN is activated 
twice each 


machine 
cycle 
(except 
that 
two PSEN 
activations 
are 
skipped during accesses to external Data Memory). 
PSEN 
is not activated when the device is executing out of internal 
Program Memory. 


EANPP: 
When EA is held high the CPU executes 
out 
of internal Program Memory (unless the Program Counter 
exceeds OFFFH in the 8051AH, 
or IFFFH 
in the 8052). 


Holding EA low forces the CPU to execute out of external 
memory regardless 
of the Program 
Counter value. In the 
8031AH and 8032, EA must be externally 
wired low. In 


the 8751H, 
this pin also receives 
the 21V programming 
supply voltage (VPP) during EPROM programming. 


I 
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P1 
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CHAPTER 8 
MCS®-51 INSTRUCTION 
SET 


The MCS®-51 
instruction 
set includes III instructions, 
49 of which 
are single-byte, 
45 two-byte 
and 
17 three 
byte. The instruction 
op code format 
consists 
of a func- 
tion 
mnemonic 
followed 
by 
a 
"destination, 
source" 
operand 
field. 
This 
field 
specifies 
the 
data 
type 
and 
addressing 
method(s) 
to be used. 


The 
MCS-51 
instruction 
set is divided 
into four 
func- 
tional groups: 


• 
Data Transfer 
• 
Arithmetic 
• 
Logic 
• Control 
Transfer 


Data transfer 
operations 
are divided 
into three classes: 


• 
General 
Purpose 
• 
Accumulator-Specific 
• Address-Object 


None 
of these 
operations 
affect the PSW 
flag settings 
except 
a POP or MaY 
directly 
to the PSW. 


• 
MaY 
performs 
a bit or a byte 
transfer 
from 
the 
source operand 
to the destination 
operand. 


• 
PUSH 
increments 
the SP register 
and then transfers 
a byte from the source 
operand 
to the stack location 


currently 
addressed 
by SP. 


• 
POP transfer 
a byte operand 
from the stack location 


addressed 
by SP to the destination 
operand 
and then 


decrements 
SP. 


• 
XCH 
exchanges 
the byte source 
operand 
with regis- 
ter A (accumulator). 


• 
XCHD 
exchanges 
the low-order 
nibble 
of the byte 
source operand 
with the low-order 
nibble of A. 


• 
MOYX 
performs 
a byte move between 
the External 


Data 
Memory 
and 
the 
accumulator. 
The 
external 


address 
can 
be specified 
by the 
DPTR 
register 
(16- 


bit) or the R I or RO register (8-bit). 


• 
MOYC 
moves a byte from 
Program 
memory 
to the 


accumulator. 
The operand 
in A is used as an index 


into a 256-byte 
table 
pointed 
to by the base register 


(DPTR 
or PC). The byte operand 
accessed 
is trans- 


ferred to the accumulator. 


• 
MaY 
DPTR. 
Itdata loads 
l6-bits 
of immediate 
data 


into a pair of destination 
registers, 
DPH 
and DPL. 


The 8051 has four basic mathematical 
operations. 
Only 


8-bit 
operations 
using 
unsigned 
arithmetic 
are 
sup- 
ported 
directly. 
The overflow 
flag, however, 
permits 
the 


addition 
and 
subtraction 
operation 
to serve 
for 
both 


unsigned 
and 
signed 
binary 
integers. 
Arithmetic 
can 


also be performed 
directly 
on packed 
decimal 
(BCD) 


representations. 


• 
INC (increment) 
adds one to the source operand 
and 


puts the result in the operand. 


• ADD 
adds 
A to the source 
operand 
and returns 
the 


result to A. 


• 
ADDC 
(add 
with 
Carry) 
adds 
A and 
the 
source 


operand, 
then adds one (I) if CY is set. and puts the 


result in A. 


• 
DA (decimal-add-adjust 
for BCD addition) 
corrects 


the sum 
which 
results 
from 
the 
binary 
addition 
of 


two two-digit 
decimal 
operands. 
The packed 
decimal 
sum formed 
by DA is returned 
to A. CY is set if the 


BCD result is greater 
than 99; otherwise, 
it is cleared. 


• 
SUBB 
(subtract 
with 
borrow) 
subtracts 
the second 
source 
operand 
from the first operand 
(the accumu- 


lator), 
subtracts 
one (I) if CY is set and returns 
the 


result to A. 


• 
DEC 
(decrement) 
subtracts 
one (I) from the source 


operand 
and returns 
the result to the operand. 


• 
M UL performs 
an unsigned 
multiplication 
of the A 
register 
by the 
B register, 
returning 
a double-byte 
result. 
A receives the low-order 
byte, 
B receives 
the 
high-order 
byte. OV is cleared 
if the top 
half of the 


result is zero and is set if it is non-zero. 
CY is cleared. 


AC is unaffected. 


• 
DIV performs 
an unsigned 
division of the A register by 
the B register and returns the integer quotient 
to A and 


returns 
the 
fractional 
remainder 
to the 
B register. 


Division 
by zero leaves indeterminate 
data in registers 


A and B and sets OV; otherwise 
OV is cleared. 
CY is 


cleared. 
AC is unaffected. 


Unless otherwise 
stated 
in the above descriptions, 
the 


flags of PSW are affected 
as follows: 


• 
CY is set if the operation 
causes a carry to or from the 


resulting 
high-order 
bit. Otherwise 
CY is cleared. 


• 
AC is set if the operation 
results 
in a carry 
from the 
low-order 
four bits of the result (during 
addition), 
or 


a borrow 
from 
the high-order 
bits to the low-order 


bits (during 
subtraction); 
otherwise 
AC is cleared. 


• 
OV is set if the operation 
results 
in a carry 
to the 
high-order 
bit of the result but not a carry from the 


high-order 
bit, or vice versa; otherwise 
OV is cleared. 


OV is used in two's-complement 
arithmetic, 
because 
it is set when the signed 
result cannot 
be represented 
in 8 bits. 


• 
P is set if the modulo 
2 sum of the eight 
bits in the 


accumulator 
is I (odd parity); 
otherwise 
P is cleared 


(even 
parity). 
When 
a value 
is written 
to the 
PSW 
register, 
the 
P bit remains 
unchanged, 
as it always 


reflects the parity of A. 


The 8051 performs 
basic logic operations 
on both 
bit 


and byte operands. 


• CPL 
is used 
to compliment 
the contents 
of the 
A 


register 
without 
affecting 
any 
flags, 
or any 
directly 


addressable 
bit location. 


• 
RL, 
RLC, 
RR, 
RRC, 
SWAP 
are 
the 
five 
rotate 
operations 
that can be performed 
on A. RL, rotate left, 
RR, rotate 
right, 
RLC, 
rotate 
left through 
C, RRC, 
rotate 
right through 
C, and SWAP, 
rotate 
left four. 


For RLC and RRC the CY flag becomes 
equal to the 
last bit rotated 
out. SWAP 
rotates A left four places to 
exchange 
bits 3 through 
0 with bits 7 through 
4. 


• 
AN L performs 
bitwise logical and of with two source 
operands 
(for both bit and byte operands) 
and returns 


the result to the location 
of the first operand. 


• ORL 
performs 
bitwise logical or of two source 
oper- 
ands (for both bit and byte operands) 
and returns 
the 
result of the location 
of the first operand. 


• 
XRL performs 
bitwise logical or of two source 
oper- 
ands (byte operands) 
and returns the result to the loca- 
tion of the first operand. 


There 
are three 
classes 
of control 
transfer 
operations: 
unconditional 
calls, 
returns 
and 
jumps; 
conditional 
jumps; 
and 
interrupts. 
All control 
transfer 
operations 


cause, 
some 
upon 
a specific 
condition, 
the 
program 
execution 
to continue 
at a non-sequential 
location 
in 
program 
memory. 


UNCONDITIONAL 
CALLS, RETURNS 
AND JUMPS 


Unconditional 
calls, returns 
and jumps 
transfer 
control 
from the current 
value of the Program 
Counter 
to the 


target 
address. 
Both 
direct 
and 
indirect 
transfers 
are 
supported. 


• 
ACALL 
and 
LCALL 
push 
the address 
of the next 
instruction 
onto 
the stack 
and then 
transfer 
control 
to the target 
address. 
ACALL 
is a 2-byte instruction 
used 
when 
the 
target 
address 
is in the 
current 
2K 
page. 
LCA LL is a 3-byte 
instruction 
that 
addresses 


the full 64K program 
space. 
In ACALL, 
immediate 


data 
(i.e. an 
II bit address 
field) is concatenated 
to 


the 
five most 
significant 
bits 
of the 
PC 
(which 
is 


pointing 
to the next instruction). 
If ACALL 
is in the 


last 2 bytes of a 2K page then the call will be made to 
the 
next 
page 
since 
the 
PC 
will have 
been 
incre- 
mented 
to the next instruction 
prior to execution. 


• 
RET transfers 
control 
to the return 
address 
saved on 


the 
stack 
by a previous 
call 
operation 
and 
decre- 
ments the SP register 
by two (2) to adjust 
the SP for 
the popped 
address. 


• AJ M P, U M P and SJ M P transfer control 
to the target 


operand. 
The 
operation 
of AJ M P and 
LJ M Pare 


analogous 
to ACALL 
and LCALL. 
The SJ MP (short 


jump) 
instruction 
provides 
for transfers 
within 
a 256 
byte range centered 
about 
the starting 
address 
of the 
next instruction 
(-128 to + 127). 


• JMP 
@A+DPTR 
performs 
a jump 
relative 
to the 


D PTR register. The operand 
in A is used as the offset 


(0-255) to the address 
in the DPTR 
register. Thus, the 


effective destination 
for ajump 
can be anywhere 
in the 
Program 
Memory 
space. 


Conditional 
jumps 
perform 
a jump 
contingent 
upon 
a 
specific condition. 
The destination 
will be within a 256- 


byte range 
centered 
about 
the starting 
address 
of the 
next instruction 
(-128 to + 127). 


• JZ performs 
a jump 
if the accumulator 
is zero. 


• JNZ 
performs 
a jump 
if the accumulator 
is not zero. 


• JC performs 
a jump 
if the carry flag is set. 


• J NC performs 
a jump 
if thc carry flag is not set. 


• JB performs 
ajump 
if the Direct Addressed 
bit is set. 


• JNB 
performs 
a jump 
if the Direct 
Addressed 
bit is 


not set. 


• J BC performs 
a jump 
if the Direct 
Addressed 
bit is 


set and then clears the Direct Addressed 
bit. 


• 
CJNE 
compares 
the first operand 
to the second 
ope- 


rand and performs 
ajump 
if they are not equal. 
CY is 
set if the first operand 
is less than 
the second 
ope- 


rand; 
otherwise 
it is cleared. 
Comparisons 
can 
be 


made between 
A directly addressable 
bytes in Internal 
Data 
Memory 
or between 
an immediate 
value 
and 


either 
A, a register 
in the selected 
Register 
Bank, or a 


Register-Indirect 
addressed 
byte of Internal 
RA M. 


• 
DJ NZ decrements 
the source operand 
and returns 
the 


result to the operand. 
Ajump 
is performed 
if the result 


is not zero. The source operand 
of the DJNZ 
instruc- 
tion may be any byte in the Internal 
Data 
Memory. 


Either 
Direct or Register 
Addressing 
may be used to 
address 
the source operand. 


• 
RETI 
transfers 
control 
as does 
RET, 
but addition- 


ally enables 
interrupts 
of the current 
priority 
level. 


Each 
of 
the 
51 
basic 
MCS-51 
operations, 
ordered 
alphabetically 
according 
to 
the 
operation 
mnemonic 
are described 
beginning 
page 8-8. 


A brief example 
of how the instruction 
might be used is 


given as well as its effect on the PSW flags. The number 
of bytes and machine cycles required, 
the binary machine- 


language encoding, 
and a symbolic description 
or restate- 


ment of the function 
is also provided. 


Note: Only the carry, auxiliary-carry, 
and overflow 
flags 


are discussed. 
The parity 
bit is computed 
after every in- 
struction 
cycle that 
alters 
the accumulator. 
Similarly, 


instructions 
which alter directly addressed 
registers could 


affect the other status flags if the instruction 
is applied 
to 


the 
PSW. 
Status 
flags 
can 
also 
be modified 
by bit- 


manipulation. 


For details on the MCS-51 
assembler. 
ASM51. 
refer to 


the MCS-51 
Macro Assembler 
User's Guide. publication 


number 
9800937. 


Interrupt 
Response 
Time: 
To finish 
execution 
of current 
in- 


struction, 
re,pond 
to the interrupt 
request, 
push the PC and to 


vector 
to the first instruction 
of the interrupt 
service program 


requires 
38 to 81 oscillator 
periods 
(3 to 7/J.s @ 12 MHz). 


INSTRUCTION 
FLAG 
INSTRUCTION 
FLAG 


C 
OVAC 
C 
OVAC 
ADD 
X 
X 
X 
CLRC 
0 


ADDC 
X 
X 
X 
CPLC 
X 


SURB 
X 
X 
X 
ANLC,bit 
X 


MUL 
0 
X 
ANLC,/bit 
X 


DlV 
0 
X 
ORL 
C,bit 
X 


DA 
X 
ORL 
C,bit 
X 
RRC 
X 
MOV Cbit 
X 


RLC 
X 
CJNE 
X 


SETB 
C 
I 


'Note 
that 
operations 
on 
SFR 
byte 
address 
208 or 
bit ad- 


dresses 
209-215 
(i.e., 
the 
PSW 
or bits in the 
PSW) 
will also 
affect flag settings. 


Mnemonic 
Description 


ADD 
A.Rn 
Add register 
to 
Accumulator 


ADD 
A,direct 
Add direct 
byte to 
Accumulator 
ADD 
A,@Ri 
Add indirect 
RAM 


to Accumulator 


ADD 
A,#dala 
Add immediate 
data to 


Accumulator 


ADDC 
A,Rn 
Add register 
to 
Accumulator 
with Carry 
ADDC 
A,direct 
Add direct 
byte to 
Accumulator 
with Carry 
ADDC 
A,@Ri 
Add indirect 
RAMto 
Accumulator 
with Carry 
ADDC 
A,#data 
Add immediate 
data to Acc 
with Carry 
SUBB 
A,Rn 
Subtract 
register 


from Acc with 


borrow 
SUBB 
A,direct 
Subtract 
direct 


byte from Acc 


with 
borrow 


Oscillator 
Byte 
Period 


12 


Notes on instruction 
set and addressing 
modes: 


Rn 
-Register 
R7-RO 
of the currently 
selected 
Register 


Bank. 


direct 
-8-bit 
internal 
data 
location's 
address. 
This could 
be 


an Internal 
Data 
RAM 
location 
(0-127) 
or a SFR 


[i.e., 
I/O 
port, 
control 
register, 
status 
register, 
etc. 


( 128-255)]. 


@Ri 
-8-bit 
internal 
data 
RAM 
location 
(0-255) 
addressed 


indirectly 
through 
register 
R I or RO. 
#data 
-8-bit 
constant 
included 
in instruction. 
#data 
16 -16-bit 
constant 
included 
in instruction 


addr 
16 -16-bit 
destination 
address. 
Used 
by 
LCALL 
& 
LJ M P. A branch 
can be anywhere 
within 
the 64K- 


byte Program 
Memory 
address 
space. 
addr 
II 
-II-bit 
destination 
address. 
Used 
by 
ACALL 
& 
AJ M P. The branch 
will be within 
the same 2K-byte 


page 
of program 
memory 
as the 
first 
byte 
of the 


following 
instruction. 


rei 
-Signed 
(two's 
complement) 
8-bit offset 
byte. 
Used 


by SJMP 
and all conditional 
jumps. 
Range 
is 
128 


to + 127 bytes 
relative 
to first byte of the following 


instruction. 


bit 
-Direct 
Addressed 
bit 
in Internal 
Data 
RAM 
or 
Special 
Function 
Register. 


-New 
operation 
not provided 
by 8048AH/8049AH. 


ARITHMETIC 
OPERATIONS 
Cont. 


Oscillator 
Mnemonic 
Description 
Byte 
Period 


SURB 
A,@Ri 
Subtract 
indirect 
12 


RAM 
from Acc 


with 
borrow 
SUBB 
A,#data 
Subtract 
12 
immediate 
data 
from Acc with 


borrow 


INC 
A 
Increment 
12 
Accumulator 
INC 
Rn 
Increment 
register 
I 
12 


INC 
direct 
Increment 
direct 
2 
12 


byte 


INC 
@Ri 
Increment 
indirect 
12 


RAM 
DEC 
A 
Decrement 
12 


Accumulator 
DEC 
Rn 
Decrement 
12 


Register 
DEC 
direct 
Decrement 
direct 
12 


byte 


DEC 
@Ri 
Decrement 
12 


indirect 
RAM 
INC 
DPTR 
Increment 
Data 
24 


Pointer 
MUL 
AB 
Multiply 
A & B 
48 


DlV 
AB 
Divide 
A by B 
48 


DA 
A 
Decimal 
Adjust 
12 


Accumulator 


Table 8-1. 
80511nstructlon 
Set Summary (Continued) 


LOGICAL 
OPERATIONS 
LOGICAL 
OPERATIONS 
Cont. 


Oscillator 
Oscillator 


Mnemonic 
Description 
Byte 
Period 
Mnemonic 
Description 
Byte 
Period 


ANL 
A,Rn 
AND register 
to 
12 
XRL 
A,@Ri 
Exclusive-OR 
12 
Accumulator 
indirect 
RAM 
to 
ANL 
A,direct 
AND direct 
byte 
2 
12 
Accumulator 
to Accumulator 
XRL 
A,/ldata 
Exclusive-OR 
2 
12 
ANL 
A,@Ri 
AND 
indirect 
12 
immediate 
data to 
RAMto 
Accumulator 


Accumulator 
XRL 
direct.A 
Exclusive-OR 
2 
12 
ANL 
A,/ldata 
AND 
immediate 
12 
Accumulator 
to 
data to 
direct 
byte 
Accumulator 
XRL 
direct./ldata 
Exclusive-OR 
24 
ANL 
direct,A 
AND 
Accumulator 
2 
12 
immediate 
data 
to direct 
byte 
to direct 
byte 


ANL 
direct./ldata 
AND 
immediate 
24 
CLR 
A 
Clear 
12 
data to direct 
byte 
Accumulator 


ORL 
A,Rn 
OR register 
to 
12 
CPL 
A 
Complement 
12 


Accumulator 
Accumulator 


ORL 
A.direct 
OR direct 
byte to 
2 
12 
RL 
A 
Rotate 
12 
Accumulator 
Accumulator 
Left 


ORL 
A.@Ri 
OR indirect 
RAM 
12 
RLC 
A 
Rotate 
12 


to Accumulator 
Accumulator 
Left 


ORL 
A,/ldata 
OR immediate 
2 
12 
through 
the Carry 


data to 
RR 
A 
Rotate 
12 


Accumulator 
Accumulator 


ORL 
direct.A 
OR Accumulator 
2 
12 
Right 


to direct 
byte 
RRC 
A 
Rotate 
12 
ORL 
direct./ldata 
OR immediate 
3 
24 
Accumulator 
data to direct 
byte 
Right through 


XRL 
A,Rn 
Exclusive-OR 
12 
the Carry 


register 
to 
SWAP 
A 
Swap 
nibbles 
12 


Accumulator 
within 
the 
XRL 
A,direct 
Exclusive-OR 
12 
Accumulator 


direct 
byte to 


Accumulator 


All mnemonics 
copyrighted &.lIntel Corporation 
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Table 8-1, 8051 Instruction 
Set Summary (Continued) 


DATA TRANSFER 
DATA TRANSFER 
Cont. 


Oscillator 
Oscillator 


Mnemonic 
Description 
Byte 
Period 
Mnemonic 
Description 
Byle 
Period 


MOV 
A,Rn 
Move 
12 
MOV 
DPTR,#data 
16 
Load 
Data 
24 


register 
to 
Pointer 
with a 


Accumulator 
l6-bit constant 


MOV 
A,direct 
Move direct 
12 
MOVC 
A,@A+DPTR 
Move Code 
24 


byte to 
byte relative 
fo 


Accumulator 
DPTR 
to Acc 


MOV 
A,@Ri 
Move indirect 
12 
MOVC 
A,@A+PC 
Move Code 
24 


RAMto 
byte relative 
to 


Accumulator 
PC 10 Acc 


MOV 
A,#data 
Move 
12 
MOVX 
A,@Ri 
Move 
24 


immediate 
External 


data to 
RAM 
(8-bit 


Accumulator 
addr) 
to Ace 


MOV 
Rn,A 
Move 
12 
MOVX 
A,@DPTR 
Move 
24 
Accumulator 
External 


to register 
RAM 
(l6-bit 
MOV 
Rn,direct 
Move direct 
2 
24 
addr) 
to Ace 


byte to 
MOVX 
@Ri,A 
Move Ace to 
24 


register 
External 
RAM 


MOV 
Rn,#data 
Move 
2 
12 
(8-bit addr) 


immediate 
data 
MOVX 
@DPTR,A 
Move Acc to 
24 
to register 
External 
RAM 


MOV 
direct,A 
Move 
2 
12 
(l6-bit 
addr) 


Accumulator 
PUSH 
direct 
Push direct 
24 
to direct 
byte 
byte onto 
MOV 
direct,Rn 
Move register 
2 
24 
stack 
to direct 
byte 
POP 
direct 
Pop direct 
24 
MOV 
direct,direct 
Move direct 
24 
byte from 
byte to direct 
stack 


MOV 
direct,@Ri 
Move indirect 
24 
XCH 
A,Rn 
Exchange 
12 


RAMto 
register with 
direct 
byte 
Accumulator 


MOV 
direct,#data 
Move 
24 
XCH 
A,direct 
Exchange 
2 
12 


immediate 
data 
direct 
byte 
to direct 
byte 
with 


MOV 
@Ri,A 
Move 
12 
Accumulator 


Accumulator 
to 
XCH 
A,@Ri 
Exchange 
12 


indirect 
RAM 
indirect 
RAM 


MOV 
@Ri,direct 
Move direct 
24 
with 
byte to 
Accumulator 
indirect 
RAM 
XCHD 
A,@Ri 
Exchange 
low- 
12 
MOV 
@Ri.#data 
Move 
2 
12 
order 
Digit 


immediate 
indirect 
RA M 


data to 
with Acc 
indirect 
RAM 


All mnemonic!!> copyrighted qntel 
Corporation 
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Table 8-1. 
8051 Instruction 
Set Summary (Continued) 


BOOLEAN 
VARIABLE 
MANIPULATION 
PROGRAM 
BRANCHING 
Cont. 


Oscillator 
Oscillator 


Mnemonic 
Description 
Byte 
Period 
Mnemonic 
Description 
Byte 
Period 


CLR 
C 
Clear Carry 
I 
12 
RETI 
Return 
from 
24 
CLR 
bit 
Clear direct 
bit 
2 
12 
interrupt 


SETB 
C 
Set Carry 
I 
12 
AJMP 
addrll 
Absolute 
2 
24 
SETB 
bit 
Set direct 
bit 
2 
12 
Jump 


CPL 
C 
Complement 
I 
12 
LJMP 
addrl6 
LongJump 
24 


Carry 
SJMP 
rei 
Short 
Jump 
24 
CPL 
bit 
Complement 
12 
(relative 
addr) 
direct 
bit 
JMP 
@A+DPTR 
Jump 
indirect 
24 
ANL 
C.bit 
AND direct 
bit 
2 
24 
relative 
to the 


to Carry 
DPTR 


ANL 
C,/bit 
AND complement 
2 
24 
JZ 
rei 
Jump 
if 
2 
24 
of direct 
bit 
Accumulator 
to Carry 
is Zero 
ORL 
C.bit 
OR direct 
bit 
·2 
24 
JNZ 
rei 
Jump 
if 
2 
24 
to Carry 
Accumulator 


ORL 
C, 
bit 
OR complement 
2 
24 
is Not Zero 


of direct 
bit 
CJNE 
A,direct,rel 
Compare 
24 


to Carry 
direct 
byte to 


MOY 
C,bit 
Move direct 
bit 
2 
12 
Acc and Jump 


to Carry 
if Not Equal 


MOY 
bit.C 
Move Carry 
to 
2 
24 
CJNE 
A.#data,rel 
Compare 
24 
direct 
bit 
immediate 
to 
JC 
rei 
Jump 
if Carry 
24 
Acc and Jump 


is set 
if Not Equal 


JNC 
rei 
Jump 
if Carry 
24 
CJNE 
Rn.#data,rel 
Compare 
24 
not set 
immediate 
to 
JB 
bit, rei 
Jump 
if direct 
24 
register and 


Bit is set 
Jump 
If Not 


JNB 
bit, rei 
Jump 
if direct 
3 
24 
Equal 
Bit is Not set 
CJNE 
@Ri.lktata,rel 
Compare 
24 
JBC 
bit.rel 
Jump 
if direct 
24 
immediate 
to 
Bit is set & 
indirect 
and 


clear bit 
Jump 
if Not 


Equal 
DJNZ 
Rn.rel 
Decrement 
24 


PROGRAM 
BRANCHING 
register and 


Oscillator 
Jump 
if Not 


Mnemonic 
Description 
Byte 
Period 
Zero 


DJNZ 
direct.rel 
Decrement 
24 
ACALL 
addrll 
Absolute 
2 
24 
direct 
byte 


Subroutine 
and Jump 
if 
Call 
Not Zero 
LCALL 
addrl6 
Long 
24 
NOP 
No Operation 
12 
Subroutine 
Call 
All mnemonic~copyrighted Cllntel 
Corporation 
19KO 
RET 
Return 
from 
24 


Subroutine 


Function: 


Description: 


Bytes: 
Cycles: 


Absolute Call 


ACALL 
unconditionally 
calls a subroutine 
located at the indicated 
address. 
The instruction increments the PC twice to obtain the address of the following 
instruction, 
then pushes the l6-bit result onto the stack (low-order byte first) 
and increments the stack pointer twice. The destination 
address is obtained by 
successively concatenating 
the five high-order bits of the incremented 
PC, op- 


code bits 7-5, and the second byte of the instruction. 
The subroutine called must 
therefore 
start within the same 2K block of the program memory as the first 
byte of the instruction 
following ACALL. 
No flags are affected. 
Initially SP equals 07H. The label "SUBRTN" is at program memory location 
0345H. After executing the instruction, 


at location 0l23H, 
SP will contain 09H, internal RAM locations 08H and 09H 
will contain 25H and OIH, respectively, and the PC will contain 0345H. 
2 
2 


I alO 
a9 
a8 
I I 0 
0 
0 
I I I a7 
a6 
a5 
a4 I a3 
a2 
al 
aO I 


ACALL 
(PC)-(PC) 
+ 2 
(SP) -- 
(SP) + I 
«SP»-(PC7-0) 
(SP) -- 
(SP) + I 
«SP» - 
(PC 15-8) 


(PClO-O) -page 
address 


Function: 
Description: 


ADD 
A,Rn 
Bytes: 
Cycles: 


ADD 
A,direct 
Bytes: 
2 
Cycles: 
I 


Add 
ADD adds the byte variable indicated to the accumulator, 
leaving the result in 
the accumulator. 
The carry and auxiliary-carry 
flags are set, respectively, 
if 
there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding un- 
signed integers, the carry flag indicates an overflow occurred. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 
7 but not bit 6; otherwise OV is cleared. When adding signed integers, OV in- 
dicates a negative number produced as the sum of two positive operands, 
or a 
positive sum from two negative operands. 


Four source operand 
addressing modes are allowed: register, direct, register- 
indirect, or immediate. 
The 
accumulator 
holds 
OC3H (lIOOOOllB) 
and 
register 
0 holds 
OAAH 
(lOlOlOIOB). The instruction, 


will leave 6DH (01101 101B) in the accumulator 
with the AC flag cleared and 
both the carry flag and OV set to 1. 


10 
0 
ollrrr[ 


ADD 
(A)- 
(A) + (Rn) 


10 
0 
o I 0 
I 
0 
II 
I direct address I 


ADD 
(A)- 
(A) + (direct) 


ADD 
A,#data 
Bytes: 
2 
Cycles: 
1 


CO=O-l ~ 
0 
1 
0 
0 I 
I immediate data I 


ADD 
(A)_ 
(A) + #data 


Function: 
Description: 


ADDC 
A,Rn 
Bytes: 
Cycles: 


Add with Carry 
ADDC simultaneously 
adds the byte variable indicated, 
the carry flag and the 
accumulator 
contents, 
leaving the result in the accumulator. 
The carry and 
auxiliary-carry 
flags are set, respectively, if there is a carry-out from bit 7 or bit 
3, and cleared otherwise. 
When adding unsigned integers, the carry flag in- 
dicates an overflow occurred. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carryout of bit 7 
but not out of bit 6; otherwise OV is cleared. When adding signed integers, OV 
indicates a negative number produced as the sum of two positive operands or a 
positive sum from two negative operands. 


Four source operand 
addressing modes are allowed: register, direct, register- 
indirect, or immediate. 
The 
accumulator 
holds 
OC3H (11000011B) 
and 
register 
0 holds 
OAAH 


(101010lOB) with the carry flag set. The instruction, 


ADDC 
A,RO 


will leave 6EH (01101 I lOB) in the accumulator 
with AC cleared and both the 


carry flag and OV set to 1. 


1001111 
r 
r 
rl 


Operation: 
ADDC 
(A)- 
(A) + (C) + (Rn) 


ADDC 
A,direct 


Bytes: 
2 


Cycles: 
1 


I 0 
0 
1 
1 I 0 
1 
0 
11 
I direct address I 


ADDC 
(A)-(A) 
+ (C) + (direct) 


ADDC 
A,@RI 
Bytes: 
Cycles: 


10 
0 
I 
I I_O_I_~ 


Operation: 
ADDC 
(A)- 
(A) + (C) + «Ri» 


ADDC 
A,#data 
Bytes: 
2 


Cycles: 
I 


I 0 
0 
I 
I I 0 
I 
0 
0 I 
I immediate data I 


ADDC 
(A)- 
(A) + (C) + #data 


Function: 


Description: 


Bytes: 


Cycles: 


Absolute Jump 
AJMP transfers program execution to the indicated address, which is formed at 
run-time by concatenating the high-order five bits of the PC (after incrementing 
the PC twice), opcode bits 7-5, and the second byte of the instruction. The 
destination must therefore be within the same 2K block of program memory as 
the first byte of the instruction following AJMP. 
The label "JMPADR" is at program memory location 0123H. The instruction, 


is at location 0345H and will load the PC with 0123H. 
2 
2 


I alO 
a9 
a8 
0 I 0 
0 
0 
I I 
I a7 
a6 
a5 
a41 a3 
a2 
al 
aO I 


AJMP 
(PC)- 
(PC) + 2 


(PClO-O)_ 
page address 


Function: 
Description: 


ANL 
A,Rn 
Bytes: 
Cycles: 


Logical-AND 
for byte variables 
ANL performs 
the bitwise logical-AND 
operation 
between the variables in- 


dicated and stores the results in the destination variable. No flags are affected. 


The two operands allow six addressing mode combinations. 
When the destina- 


tion is the accumulator, 
the source can use register, direct, register-indirect, 
or 


immediate addressing; when the destination 
is a direct address, the source can 


be the accumulator 
or immediate data. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 
If the accumulator 
holds OC3H (11000011B) and register 0 holds OAAH 


(101010lOB) then the instruction, 


ANL 
A,RO 


will leave 41H (OIOOOOOIB)in the accumulator. 


When the destination 
is a directly addressed 
byte, this instruction 
will clear 


combinations 
of bits in any RAM location or hardware register. The mask byte 


determining 
the pattern of bits to be cleared would either be a constant 
con- 


tained in the instruction 
or a value computed in the accumulator 
at run-time. 
The instruction, 


ANL 
Pl,#Oll100l1B 


will clear bits 7, 3, and i of output port 1. 


ANL 
(A)_ 
(A) 1\ 
(Rn) 


ANL 
A,dlrect 
Bytes: 
2 
Cycles: 
1 


ANL 
A,@RI 
Bytes: 
Cycles: 


Encoding: 


Operation: 


ANL 
A,#data 
Bytes: 
Cycles: 


I 0 
1 
0 
1 I0 
1 
0 
1I 
I direct address I 


ANL 
(A)- 
(A) II (direct) 


[01011011 
il 
ANL 
(A) _ 
(A) 
II «Ri» 


liiTI 0 
1 
0 
0 I 
I immediate data I 


Operation: 
ANL 
(A)_ 
(A) II #data 


ANL 
direct,A 
Bytes: 
2 
Cycles: 
1 


I 0 
1 
0 
1I 0 
0 
1 
0 I 
direct address 


Operation: 
ANL 
(direct)-(direct) 
II (A) 


ANL 
direct,#data 
Bytes: 
3 
Cycles: 
2 


1 I 
Idirect address I 
Iimmediat~ 


ANL 
(direct) _ 
(direct) 
II 
#data 


Function: 
Description: 


Logical-AND 
for bit variables 


If the Boolean value of the source bit is a logical 0 then clear the carry flag; 
otherwise leave the carry flag in its current state. A slash ("/") preceding the 
operand in the assembly language indicates that the logical complement of the 
addressed bit is used as the source value, but the source bit itself is not affected. 
No other flags are affected. 


Only direct bit addressing is allowed for the source operand. 
Set the carry flag if, and only if, Pl.O = 1, ACC. 7 = 1, and OV = 0: 


MOV 
C,Pl.O 
;LOAD CARRY WITH INPUT PIN STATE 
ANL 
C,ACC.7 
;AND CARRY WITH ACCUM. 
BIT 7 


ANL 
C,IOV 
;AND WITH INVERSE OF OVERFLOW 
FLAG 


ANL 
C,bit 
Bytes: 
2 
Cycles: 
2 


I 1 
0 
0 
0 I 0 
0 
1 
0 I 
I bit address I 


ANL 
C,/bit 
Bytes: 
Cycles: 


Encoding: 


ANL 
(C)-(C) 
/\ (bit) 


2 
2 


11 
0 
1 I 0 
0 
0 
0 I 
[ bit address I 


ANL 
(C) ~ 
(C) /\ I (bit) 


Function: 
Description: 
Compare and Jump if Not Equal. 
CJNE compares the magnitudes of the first two operands, and branches if their 
values are not equal. The branch destination 
is computed by adding the signed 
relative-displacement 
in the last instruction 
byte to the PC, after incrementing 
the PC to the start of the next instruction. 
The carry flag is set if the unsigned 
integer value of <dest-byte> is less than the unsigned integer value of <src-byte>; 
otherwise, the carry is cleared. Neither operand is affected. 


The first two operands 
allow four addressing 
mode combinations: 
the ac- 
cumulator 
may be compared 
with any directly addressed 
byte or immediate 
data, and any indirect RAM location or working register can be compared with 
an immediate constant. 
The accumulator contains 34H. Register 7 contains 56H. The first instruction in 
the sequence, 


R7 = 60H. 
IF R7 <60H. 
R7>60H. 


sets the carry flag and branches to the instruction at label NOT--EQ. 
By testing 
the carry flag, this instruction 
determines 
whether R7 is greater or less than 
6OH. 


If the data being presented to port 1 is also 34H, then the instruction, 


WAIT: 
CJNE 
A,PI,WAIT 


clears the carry flag and continues with the next instruction 
in sequence, since 
the accumulator 
does equal the data read from Pl. (If some other value was be- 
ing input on P I, the program will loop at this point until the PI data changes to 
34H.) 


CJNE 
A,direct,rel 
Bytes: 
3 
Cycles: 
2 


1I 0 
1 
0 
1 I I direct address l I reI. address I 


(PC) ~ 
(PC) + 3 
IF (A) <> (direct) 
THEN 
(PC) ~ 
(PC) + relative offset 
IF (A) < (direct) 
THEN 


CJNE 
A,#data,rel 


Bytes: 
3 
Cycles: 
_2 
~ 
Encoding: 
I 1 
0 
1 
1 I 0 
1 
0 
0I 
I immediate datal 
I reI. address I 


Operation: 
(PC) +- (PC) + 3 
IF (A) <> data 
THEN 


IF (A) < data 
THEN 


CJNE 
Rn,#data,rel 


Bytes: 
3 
Cycles: 
2 


11 
0 
1 
1 11 
r 
r 
r I I immediate data I 
IreI. address I 


(PC) +- (PC) + 3 
IF (Rn) <> data 
THEN 
(PC) +- (PC) + relative offset 


IF (Rn) < data 
THEN 


CJNE 
@Ri,#data,rel 


Bytes: 
3 
Cycles: 
2 


11 
0 
1 
1 I 0 
IIi 
I I immediate data I 
I reI. address I 


(PC) +- (PC) + 3 


IF «Ri» <> data 
THEN 
(PC) +- (PC) + relative offset 


IF «Ri» < data 
THEN 


Function: 
Description: 
Example: 


Bytes: 
Cycles: 


Clear Accumulator 
The accumulator 
is cleared (all bits set to zero). No flags are affected. 


The accumulator 
contains 5CH (01011100B). The instruction, 


CLR 
A 


will leave the accumulator 
set to OOH(OOOOOOOOB). 


1 
1 


Encoding: 
1__ 1 __ 
1 _0_1 0 
1 
0 
0 I 


CLR 
(A)-O 


Function: 


Description: 


CLR 
C 
Bytes: 


Cycles: 


CLR 
bit 
Bytes: 
Cycles: 


Clear bit 
The indicated bit is cleared (reset to zero). No other flags are affected. CLR can 
operate on the carry flag or any directly addressable 
bit. 


Port 1 has previously been written with 5DH (OIOIIIOIB). The instruction, 


CLR 
P1.2 


will leave the port set to 59H (01011001B). 


11 
1001001 
11 


CLR 
(C)-O 


11 
1 
0 
0 I 0 
0 
1 
0 I 
·1 bit address I 


CLR 
(bit)-O 


Function: 
Description: 


Bytes: 
Cycles: 


Complement 
Accumulator 
Each bit of the accumulator 
is logically complemented (one's complement). 
Bits 
which previously contained a one are changed to zero and vice-versa. No flags 
are affected. 
The accumulator 
contains 5CH (01011100B). The instruction, 


CPL 
A 


will leave the accumulator 
set to OA3H (10100011B). 


1 
1 


110 
1 00l 


CPL 
(A)_I 
(A) 


Function: 
Description: 


CPL 
C 
Bytes: 
Cycles: 


Complement 
bit 


The bit variable 
specified is complemented. 
A bit which had been a one is 
changed to zero and vice-versa. No other flags are affected. CLR can operate 
on the carry or any directly addressable 
bit. 


Note: When this instruction 
is used to modify an output pin, the value used as 


the original data will be read from the output data latch, not the input pin. 
Port 1 has previously been written with 5BH (01011101B). The instruction 
se- 
quence, 


CPL 
Pl.l 
CPL 
P1.2 


will leave the port set to 5BH (01011011B). 


11 
0 
110 
0 
l~ 


CPL 
(C)--,(C) 


CPL 
bit 
Bytes: 
2 
Cycles: 
1 


11 
0 
1 I 0 
0 
1 
0 I I bit address I 


CPL 
(bit) __ I (bit) 


Function: 
Description: 
Decimal-adjust 
Accumulator 
for Addition 
DA A adjusts the eight-bit value in the accumulator 
resulting from the earlier 
addition of two variables (each in packed-BCD format), producing two four-bit 
digits. Any ADD or ADDC instruction 
may have been used to perform the ad- 


dition. 
If accumulator 
bits 3-0 are greater than nine (xxxxlOlO-xxxx1111), or if the AC 
flag is one, six is added to the accumulator 
producing the proper BCD digit in 
the low-order nibble. This internal addition would set the carry flag if a carry- 
out of the low-order four-bit field propagated 
through all high-order bits, but it 
would not clear the carry flag otherwise. 


If the carry flag is now set, or if the four high-order 
bits now exceed nine 
(101Oxxxx-1111xxxx), these high-order 
bits are incremented 
by six, producing 
the proper BCD digit in the high-order nibble. Again, this would set the carry 
flag if there was a carry-out of the high-order bits, but wouldn't clear the carry. 
The carry flag thus indicates if the sum of the original two BCD variables is 
greater than 100, allowing multiple precision decimal addition. 
OV is not af- 
fected. 


All of this occurs during the one instruction 
cycle. Essentially, this instruction 


performs the decimal conversion by adding OOH,06H, 6OH, or 66H to the ac- 
cumulator, 
depending on initial accumulator 
and PSW conditions. 


Note: DA A cannot simply convert a hexadecimal number in the accumulator 
to BCD notation, 
nor does DA A apply to decirpal subtraction. 


Bytes: 
Cycles: 


The accumulator 
holds the value 56H (OIOIOIIOB) representing 
the packed 
BCD digits of the decimal number 
56. Register 3 contains 
the value 67H 
(01100111B) representing the packed BCD digits of the decimal number 67. The 
carry flag is set. The instruction 
sequence, 


ADDC 
A,R3 
DA 
A 


will first perform a standard twos-complement 
binary addition, resulting in the 
value OBEH (10111110) in the accumulator. 
The carry and auxiliary carry flags 


will be cleared. 


The Decimal Adjust instruction will then alter the accumulator 
to the value 24H 
(00I00I00B), 
indicating the packed BCD digits of the decimal number 24, the 
low-order two digits of the decimal sum of 56, 67, and the carry-in. The carry 
flag will be set by the Decimal Adjust instruction, 
indicating that a decimal 
overflow occurred. The true sum 56, 67, and 1 'is 124. 


BCD variables can be incremented 
or decremented 
by adding 01H or 99H. If 


the accumulator 
initially holds 30H (representing the digits of 30 decimal), then 


the instruction 
sequence, 


ADD 
A,#99H 
DA 
A 


will leave the carry set and 29H in the accumulator, 
since 30 + 99 = 129. The 


low-order byte of the sum can be interpreted 
to mean 30 - 
1 = 29. 
1 


1 


DA 
-contents of Accumulator 
are BCD 
IF 
[[(A3-0) > 9] v [(AC) = 1]] 
THEN 
(A3-0)_(A3-0) 
+ 6 
AND 
IF 
[[(A7-4) >9] v [(C) = 1]] 
THEN 
(A7-4)- 
(A7-4) + 6 


Function: 
Description: 
Decrement 
The variable 
indicated 
is decremented 
by 1. An original value of OOH will 


underflow to OFFH. No flags are affected. Four operand addressing modes are 
allowed: accumulator, 
register, direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output 
data latch, not the input 
pins. 
Register 0 contains 7FH (01111111B). Internal RAM locations 7EH and 7FH 
contain OOHand 40H, respectively. The instruction 
sequence, 


DEC 
@RO 
DEC 
RO 
DEC 
@RO 


will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to 
OFF~ and 3FH. 


DEC 
A 
Bytes: 


Cycles: 


Encoding: 
I 0 
0 
0 
1 I 0 
1 
0 
0 I 


Operation: 
DEC 
(A)-+-(A) 
- 
1 


DEC 
Rn 
Bytes: 


Cycles: 


1000111 
r 
r 
r 
I 


DEC 
(Rn)_ 
(Rn) - 
1 


DEC 
direct 
Bytes: 
2 
Cycles: 
1 


I 0 
0 
0 
1 I 0 
1 
0 
1 I 
I direct address I 


DEC 
@Ri 
Bytes: 
Cycles: 


DEC 
(direct)_ 
(direct) - 


100011_0_1 
__ 


DEC 
«Ri»_ «Ri»- 


Function: 


Description: 


Bytes: 


Cycles: 


Divide 
DIV AB divides the unsigned eight-bit integer in the accumulator 
by the un- 


signed eight-bit integer in register B. The accumulator 
receives the integer part 


of the quotient; 
register B receives the integer remainder. 
The carry and OV 
flags will be cleared. 


Exception: 
if B had originally contained 
ooH, the values returned 
in the ac- 


cumulator 
and B-register will be undefined 
and the overflow flag will be set. 


The carry flag is cleared in any case. 
The accumulator 
contains 251 (OFBH or 1111101lB) and B contains 18 (12H or 


000100lOB). The instruction, 


DIV 
AB 


will leave 13 in the accumulator 
(ODH orסס oo1101 B) and the value 17 (11H or 


000100018) in B, since 251 = (13 x 18) + 17. Carry and OV will both be 
cleared. 
1 
4 


11000101001 


DIV 


(A) 15-8 _ 
(A) I (B) 


(8)7-0 


Function: 
Description: 
Decrement and Jump if Not Zero 
DJNZ decrements the location indicated by 1, and branches to the address in- 
dicated by the second operand 
if the resulting value is not zero. An original 


value of DOH will underflow 
to OFFH. No flags are affected. 
The branch 


destination 
would be computed 
by adding 
the signed relative-displacement 


value in the last instruction 
byte to the PC, after incrementing 
the PC to the 


first byte of the following instruction. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output 
data latch, not the input 
pins. 
Internal RAM locil.tions 40H, 50H, and 60H contain the values OIH, 70H, and 
15H, respectively. The instruction 
sequence, 


DJNZ 
DJNZ 
DJNZ 


40H,LABEL_I 
50H,LABEL-l 
6OH,LABEL_3 


will cause a jump to the instruction 
at label LABEL-l 
with the values DOH, 


6FH, 
and 15H in the three RAM locations. 
The first jump 
was not taken 


because the result was zero. 


This instruction 
provides a simple way of executing a progmm 
loop a given 


number of times, or for adding a moderate time delay (from 2 to 512 machine 
cycles) with a single instruction. 
The instruction 
sequence, 


MOV 
R2,#8 


TOGGLE: 
CPL 
P1.7 
DJNZ 
R2,TOGGLE 


will toggle Pl. 7 eight times, causing four output pulses to appear at bit 7 of out- 
put port 1. Each pulse will last three machine cycles; two for DJNZ and one to 
alter the pin. 


DJNZ 
Rn,rel 
Bytes: 
2 
Cycles: 
2 
~~=O 
1 
r 
r 
r I Idirect address I 


DJNZ 
(PC)-(PC) 
+ 2 
(Rn)_ 
(Rn) - 
1 
IF 
(Rn) 
> 0 or (Rn) < 
0 
THEN 
(PC)- 
(PC) + reI 


DJNZ 
direct,rel 
Bytes: 
3 
Cycles: 
2 
rT 
1 
0 ~ 
0 
1 
0 
1 I 
I direct address I 
~. 
address I 


DJNZ 
(PC)- 
(PC) + 2 
(direct)_ 
(direct) - 
1 
IF 
(direct) 
> 0 or (direct) < 
0 
THEN 
(PC)- 
(PC) + reI 


Function: 
Description: 
Increment 
INC increments the indicated variable by 1. An original value of OFFH will 
overflow to DOH. No flags are affected. Three addressing modes are allowed: 
register, direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output 
data latch, not the input 
pins. 


Register 0 contains 7EH (0111111IOB). Internal RAM locations 7EH and 7FH 
contain OFFH and 40H, respectively. The instruction 
sequence, 


INC 
@RO 
INC 
RO 
INC 
@RO 


will leave register 0 set to 7FH and internal 
RAM locations 
7EH and 7FH 
holding (respectively) OOHand 41H. 


INC 
A 
Bytes: 
Cycles: 


Encoding: 
I 0 
0 
0 
0 [0 
1 
0-y] 


Operation: 
INC 
(A)_ 
(A) + 


INC 
Rn 
Bytes: 
Cycles: 


INC 
direct 
Bytes: 
Cycles: 


10 
0 
0 
o Li_r ~iJ 


INC 
(Rn)-(Rn) 
+ 


2 
1 


10 
0 
0 
010 
1 
0 
1 I 
I direct address I 


INC 
(direct)- 
(direct) + 1 


INC 
@Ri 
Bytes: 
Cycles: 


10 
0 
0 
01_0 __ 
1 
' 


INC 
«Ri»_ 
«Ri» 
+ 1 


Function: 
Description: 


Bytes: 
Cycles: 


Increment Data Pointer 
Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is per- 
formed; 
an overflow of the low-order 
byte of the data pointer (DPL) from 


OFFH to OOHwill increment the high-order byte (DPH). No flags are affected. 


This is the only 16-bit register which can be incremented. 
Registers DPH and DPL contain 12H and OFEH, respectively. The instruction 
sequence, 


INC 
DPTR 


INC 
DPTR 


INC 
DPTR 


will change DPH and DPL to 13H and OIH. 
I 
2 


11010100111 


INC 
(DPTR)_ 
(DPTR) + 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if Bit set 
If the indicated bit is a one, jump to the address indicated; otherwise proceed 
with the next instruction. 
The branch destination 
is computed 
by adding the 


signed relative-displacement 
in the third instruction 
byte to the PC, after in- 


crementing the PC to the first byte of the next instruction. 
The bit tested is not 
modified. 
No flags are affected. 
The data present 
at input port 
1 is 110010lOB. The accumulator 
holds 56 


(010101 lOB). The instruction 
sequence, 


JB 
P1.2,LABELl 


JB 
ACC.2,LABEL2 


will cause program execution to branch to the instruction 
at label LABEL2. 


3 
2 


I 0 
0 
1 
0 I 0 
0 
0 
0 I 
I bit address I 
I reI. address I 


JB 
(PC) - 
(PC) + 3 
IF 
(bit) = 1 
THEN 


Function: 


Description: 
Jump if Bit is set and Clear bit 
If the indicated bit is one, branch to the address indicated; otherwise proceed 
with the next instruction. 
In either case, clear the designated bit. The branch 


destination 
is computed by adding the signed relative-displacement 
in the third 


instruction 
byte to the PC, after incrementing 
the PC to the first byte of the 
next instruction. 
No flags are affected. 


Note: When this instruction 
is used to test an output pin, the value used as the 


original data will be read from the output data latch, not the input pin. 
The accumulator 
holds 56H (010101 lOB). The instruction 
sequence, 


JBC 
ACC.3,LABELl 
JBC 
ACC.2,LABEL2 


will cause program 
execution to continue at the instruction 
identified 
by the 


label LABEL2, with the accumulator 
modified to 52H (010100lOB). 


Bytes: 
3 
Cycles: 
2 


I° 
0 
0 
1 I° 
0 
0 ° I I bit address I I reI. address I 


JBC 
(PC) - 
(PC) + 3 
IF 
(bit) = 1 
THEN 
(bit).--O 
(PC)- 
(PC) + rei 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if Carry is set 
If the carry flag is set, branch to the address indicated; otherwise proceed with 
the next instruction. The branch destination is computed by adding the signed 
relative-displacement in the second instruction byte to the PC, after incremen- 
ting the PC twice. No flags are affected. 
The carry flag is cleared. The instruction sequence, 


JC 
LABELl 
CPL 
C 
JC 
LABEL2 


will set the carry and cause program execution to continue at the instruction 
identified by the label LABEL2. 
2 
2 


I° 
1 
0 ° I ° 
0 
0 ° I 
I reI. address I 


JC 
(PC)-(PC) 
+ 2 
IF 
(C) = 1 
THEN 


Function: 
Description: 


Bytes: 
Cycles: 


Jump indirect 
Add the eight-bit unsigned contents of the accumulator 
with the sixteen-bit data 


pointer, and load the resulting sum to the program counter. This will be the ad- 
dress for subsequent 
instruction 
fetches. 
Sixteen-bit 
addition 
is performed 


(modulo 216): a carry-out from the low-order eight bits propagates through the 
higher-order 
bits. Neither the accumulator 
nor the data pointer is altered. No 
flags are affected. 
An even number from 0 to 6 is in the accumulator. 
The following sequence of 
instructions will branch to one of four AJMP instructions in a jump table start- 
ing at JMP _ TBL: 


MOV 
JMP 


JMP _ TBL: 
AJMP 
AJMP 
AJMP 
AJMP 


DPTR,#JMP _TBL 
@A+DPTR 
LABELO 
LABELl 
LABEL2 
LABEU 


If the accumulator 
equals 04H when starting this sequence, execution will jump 
to label LABEL2. Remember that AJMP is a two-byte instruction, 
so the jump 


instructions 
start at every other address. 
I 
2 


JMP 
(PC).-(A) 
+ (DPTR) 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if Bit Not set 
If the indicated bit is a zero, branch to the indicated address; otherwise proceed 
with the next instruction. 
The branch destination 
is computed 
by adding the 


signed relative-displacement 
in the third instruction 
byte to the PC, after in- 


crementing the PC to the first byte of the next instruction. 
The bit tested is not 


modified. 
No flags are affected. 


The data present at input port 1 is 1100101OB. The accumulator 
holds 56H 


(OlOlOllOB). The instruction 
sequence, 


JNB 
P1.3,LABELl 
JNB 
ACC.3,LABEL2 


will cause program execution to continue at the instruction 
at label LABEL2. 


3 
2 


10 
0 
1 I 0 
0 
0 
0 I 
I bit address I 
I reI. addres"SJ 


JNB 
(PC)-(PC) 
+ 3 
IF (bit) = 0 


THEN (PC) - 
(PC) + reI. 


Function: 


Description: 


Jump if Carry not set 
If the carry flag is a zero, branch to the address indicated; otherwise proceed 
with the next instruction. 
The branch destination 
is computed 
by adding the 
signed relative-displacement 
in the second instruction 
byte to the PC, after in- 
crementing the PC twice to point to the next instruction. 
The carry flag is not 


modified. 
The carry flag is set. The instruction 
sequence, 


JNC 
LABELl 


CPL 
C 


JNC 
LABEL2 


will clear the carry and cause program execution to continue at the instruction 
identified by the label LABEL2. 


Bytes: 
2 
Cycles: 
2 
co=TB 0 
0 
0 
0 I IreI. address I 


JNC 
(PC)- 
(PC) + 2 
IF 
(C) = 0 
THEN 
(PC)- 
(PC) + rei 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if accumulator 
Not Zero 
If any bit of the accumulator 
is a one, branch to the indicated address; other- 
wise proceed with the next instruction. 
The branch destination 
is computed by 
adding the signed relative-displacement 
in the second instruction 
byte to the 
PC, after incrementing 
the PC twice. The accumulator 
is not modified. 
No 
flags are affected. 
The accumulator 
originally holds DOH.The instruction 
sequence, 


JNZ 
LABELl 
INC 
A 
JNZ 
LABEL2 


will set the accumulator 
to OlH and continue at label LABEL2. 


2 
2 


1 I 0 
0 
0 
0 I 
I reI. address I 


JNZ 
(PC) -- 
(PC) + 2 
IF 
(A);bO 
THEN 
(PC)- 
(PC) + rei 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if Accumulator 
Zero 
If all bits of the accumulator 
are zero, branch to the address indicated; other- 
wise proceed with the next instruction. 
The branch destination 
is computed by 
adding the signed relative-displacement 
in the second instruction 
byte to the 
PC, after incrementing 
the PC twice. The accumulator 
is not modified. 
No 
flags are affected. 
The accumulator 
originally contains OIH. The instruction 
sequence, 


JZ 
LABELl 
DEC 
A 
JZ 
LABEL2 


will change the accumulator 
to OOHand cause program execution to continue at 


the instruction 
identified by the label LABEL2. 
2 
2 


o I 0 
0 
0 
0 I 
I reI. address I 


JZ 
(PC)---(PC) 
+ 2 
IF 
(A) = 0 
THEN 
(PC) -(PC) 
+ rei 


Function: 


Description: 


Long Call 
LCALL 
calls a subroutine 
located at the indicated 
address. 
The instruction 


adds three to the program counter to generate the address of the next instruc- 
tion and then pushes the 16-bit result onto the stack (low byte first), increment- 
ing the stack pointer by two. The high-order and low-order bytes of the PC are 
then loaded, respectively, with the second and third bytes of the LCALL in- 
struction. Program execution continues with the instruction at this address. The 
subroutine may therefore begin anywhere in the full 64K-byte program memory 
address space. No flags are affected. 


Bytes: 
Cycles: 


Initially the stack pointer equals Q7H. The label "SUBRTN" is assigned to pro- 
gram memory location 1234H. After executing the instruction, 


at location 0l23H, 
the stack pointer will contain 09H, internal RAM locations 


OSH and 09H will contain 26H and 01H, and the PC will contain 
1235H. 


3 
2 


Encoding: 
I 0 
0 
0 
1 I 0 
0 
1 
0 [ 
I addr15 - addrs[ 
I addr7 - addrO I 


LCALL 
(PC) -- 
(PC) + 3 
(SP) -- 
(SP) + 1 
«SP»_ 
(PC7-0) 
(SP)-(SP) 
+ 1 


«SP» - 
(PC15-S) 
(PC) -- 
addq 5-0 


Function: 


Description: 


Bytes: 
Cycles: 


Long Jump 
LJMP causes an unconditional 
branch to the indicated address, by loading the 


high-order 
and low-order bytes of the PC (respectively) with the second and 
third instruction 
bytes. The destination 
may therefore be anywhere in the full 
64K program memory address space. No flags are affected. 
The label "JMPADR" 
is assigned to the instruction 
at program memory loca- 
tion 1234H. The instruction, 


at location 0123H will load the program counter with 1234H. 
3 
2 


I 0 
0 
0 
0 I 0 
0 
1 
0 I 
j addr 15 - addrS , 
I addr7 - addrO I 


LJMP 
(PC) - 
addq 5-0 


Function: 
Description: 
Move byte variable 
The byte variable indicated by the second operand is copied into the location 
specified by the first operand. The source byte is not affected. No other register 
or flag is affected. 


This is by far tlie most flexible operation. 
Fifteen combinations 
of source and 


destination 
addressing modes are allowed. 
Internal 
RAM location 
30H holds 4OH. The value of RAM location 40H is 


lOR. The data present at input port I is llOO101OB (OCAH). 


MOY 
RO,#30H 
;RO<= 30H 
MOY 
A,@RO 
;A < = 40H 
MOY 
RI,A 
;RI < = 40H 
MOY 
R,@RI 
;B < = IOH 
MOY 
@RI,PI 
;RAM (40H)<= 
OCAH 
MOY 
P2, PI 
;P2 #OCAH 


leaves the value 30H in register 0, 40H in both the accumulator 
and register I, 


IOH in register B, and OCAH (1IOOIOIOB)both in RAM location 40H and out· 
put on port 2. 


MOV 
A,Rn 
Bytes: 
Cycles: 


Encoding: 
I I 
I 
o II 
r 
r 
rl 


Operation: 
MOY 
(A)-(Rn) 


*MOV 
A,direct 
Bytes: 
2 


Cycles: 
I 


Encoding: 
II 
I 
010 
I 
0 
II 
I direct address I 


Operation: 
MOY 
(A)- 
(direct) 


MOV 
A,@Ri 
Bytes: 
Cycles: 


Encoding: 
11 
1 
1 
010 
1 
1 


Operation: 
May 
(A)_ 
«Ri» 


MOV 
A,#data 
Bytes: 
2 
Cycles: 
1 


Encoding: 
10 
1 
1 
1 I 0 
1 
0 
01 
I immediatedata I 


Operation: 
May 
(A)-#data 


MOV 
Rn,A 
Bytes: 
Cycles: 


Encoding: 
11 
1 
1 
1 11 
r 
r 
r I 


Operation: 
May 
(Rn)_(A) 


MOV 
Rn,direct 
Bytes: 
2 
Cycles: 
2 


11 
0 
1 
0 11 
r 
r 
r I 'Idirect addr. I 


Operation: 
May 
(Rn)- 
(direct) 


MOV 
Rn,#data 
Bytes: 
2 
Cycles: 
1 


I 0 
1 
1 
1 11 
r 
r 
r I Iimmediatedata' 


May 
(Rn)_#data 


MOY 
dlrect,A 
Bytes: 
2 
Cycles: 
1 


11 
1 
1 
1I 0 
1 
0 
1I 
I direct address I 


Operation: 
MaV 
(direct)_ 
(A) 


MOY 
dlrect,Rn 
Bytes: 
2 
Cycles: 
2 


11 
0 
0 
0 11 
r 
r 
r I 
[direct address I 


Operation: 
Mav 
(direct)- 
(Rn) 


MOY 
dlrect,dlrect 
Bytes: 
3 
Cycles: 
2 


11 
0 
0 
0 I 0 
1 
0 
11 Idir. addr. (src) I I dir. addr. (dest) I 


Operation: 
Mav 
(direct)_ 
(direct) 


MOY 
direct,@RI 
Bytes: 
2 
Cycles: 
2 


11 
0 
0 
010 
1 
1 
Idirect addr.1 


Operation: 
Mav 
(direct)-«Ri» 


MOY 
dlrect,#data 


Bytes: 
3 
Cycles: 
2 


I0 
1 
1 
1 I 0 
1 
0 
1I 
I direct address I 
Iimmediate data I 


Mav 
(direct)_ 
#data 


MOV 
@Ri,A 
Bytes: 
Cycles: 


Operation: 
MOY 
«Ri»_(A) 
MOV 
@Ri,direct 
Bytes: 
2 
Cycles: 
2 


II 
0 
I 
0 I_O__ 
I__ i I 
I direct adfJ 


Operation: 
MOY 
«Ri» _ 
(direct) 


MOV 
@Ri,#data 
Bytes: 
2 


Cycles: 
I 


I I_O 
I_i_1 
I immediate data I 


MOY 
«RI» _ 
#data 


Function: 


Description: 
Move bit data 
The Boolean variable indicated by the second operand is copied into the loca- 
tion specified by the first operand. One of the operands must be the carry flag; 
the other may be any directly addressable 
bit. No other register or flag is af- 


fected. 
The carry flag is originally set. The data present at input port 3 is llOOO1OIB. 
The data previously written to output port I is 35H (00110101B). 


MOY 
PI.3,e 
MOY 
e,P3.3 
MOY 
PI.2,e 


wi11leave the carry cleared and change port I to 39H (OOllIOOIB). 


MOV 
C,bit 
Bytes: 
2 
Cycles: 
1 


Encoding: 
11 
0 
1 
010 
0 
1 
01 
I bit address I 


Operation: 
Mav 
(C)-(bit) 


MOV 
bit,C 
Bytes: 
2 
Cycles: 
2 


Encoding: 
11 
0 
0 
1 10 
0 
1 
01 
I bit address I 


Operation: 
Mav 
(bit)-(C) 


Function: 
Description: 


Bytes: 
Cycles: 


Load Data Pointer with a 16-bit constant 
The data pointer is loaded with the 16-bit constant indicated. The 16-bit con- 
stant is loaded into the second and third bytes of the instruction. The second 
byte (DPH) is the high-order byte, while the third byte (DPL) holds the low- 
order byte. No flags are affected. 


This is the only instruction which moves 16 bits of data at once. 
The instruction, 
Mav 
DPTR,#1234H 


will load the value 1234H into the data pointer: DPH will hold 12H and DPL 
will hold 34H. 
3 
2 


[T 0 
0 
I I 0 
0 
0 
0 I 
I immed. datal5 - 81 
I immed. data7 - 0 I 


Mav 
(DPTR)-#dataI5-0 
DPH 0 DPL.....-#dataI5_8 
0 #data7_0 


Function: 
Description: 
Move Code byte 
The MOVC instructions 
load the accumulator 
with a code byte, or constant 
from program 
memory. 
The address of the byte fetched is the sum of the 


original unsigned eight-bit accumulator 
contents and the contents of a sixteen- 


bit base register, which may be either the data pointer or the PC. In the latter 
case, the PC is incremented to tne address of the following instruction 
before 
being added with the accumulator: 
otherwise the base register is not altered. 


Sixteen-bit addition is performed 
so a carry-out 
from the low-order eight bits 
may propagate 
through higher-order 
bits. No flags are affected. 


A value between 0 and 3 is in the accumulator. 
The following instructions 
will 


translate the value in the accumulator 
to one of four values defined by the DB 


(define byte) directive. 


REL_PC: 
INC 
MOVC 
RET 
DB 
66H 
DB 
77H 
DB 
88H 
DB 
99H 


If the subroutine is called with the accumulator 
equal to 01H, it will return with 
77H in the accumulator. 
The INC A before the MOVC instruction is needed to 
"get around" 
the RET instruction 
above the table. 
If several bytes of code 
separated the MOVC from the table, the corresponding 
number would be add- 
ed to the accumulator 
instead. 


A 
A,@A+PC 


MOVC 
A,@A + DPTR 
Bytes: 
1 
Cycles: 
2 


11 
0 
0 
110 
0 
1 
1 I 


MOVC 
(A)-«A) 
+ (DPTR» 


MOVC 
A,@A+ PC 
Bytes: 
1 
Cycles: 
2 


11000100 


Move 
(PC)-(PC) 
+ 1 
(A)- 
«A)+ (PC» 


Function: 
Description: 
Move External 
The MOVX instructions 
transfer data between the accumulator 
and a byte of 
external data memory, hence the "X" appended to MOV. There are two types of 
instructions, 
differing 
in whether they provide an eight-bit or sixteen-bit in- 
direct address to the external data RAM. 


In the first type, the contents of ROor Rl in the current register bank provide an 
eight-bit address multiplexed with data on po. Eight bits are sufficient for exter- 
nal I/O expansion decoding or a relatively small RAM array. For somewhat 
larger arrays, any output port pins can be used to output higher-order 
address 


bits. These pins would be controlled 
by an output 
instruction 
preceding the 


MOVX. 


In the second type of MOVX instruction, 
the data pointer generates a sixteen- 
bit address. P2 outputs the high-order eight address bits (the contents of DPH) 
while PO multiplexes the low-order eight bits (DPL) with data. The P2 Special 
Function Register retains its previous contents while the P2 output buffers are 
emitting the contents of DPH. This form is faster and more efficient when ac- 
cessing very large data arrays (up to 64K bytes), since no additional instructions 
are needed to set up the output ports. 


It is possible in some situations to mix the two MOVX types. A large RAM ar- 
ray with its high-order address lines driven by P2 can be addressed via the data 
pointer, 
or with code to output 
high-order 
address bits to P2 followed by a 
MOVX instruction 
using ROor Rl. 


An external 256 byte RAM using multiplexed address/data 
lines (e.g., an Intel® 


8155 RAM/I/O/Timer) 
is connected to the 8051 Port O. Port 3 provides control 
lines for the external RAM. Ports I and 2 are used for normal I/O. Registers 0 
and I contain 12H and 34H. Location 34H of the external RAM holds the value 
56H. The instruction 
sequence, 


MOVX 
MOVX 
A,@RI 
@RO,A 


copies the value 56H into both the accumulator 
and external RAM location 
12H. 


MOVX 
A,@Ri 
Bytes: 
1 
Cycles: 
2 


101001 


Operation: 
MOVX 
(A)_«Ri» 


MOVX 
A,@DPTR 
Bytes: 
1 
Cycles: 
2 


1 
010 
0 
0 
0 I 


MOVX 
(A) _ 
«DPTR» 


MOVX 
@Ri,A 
Bytes: 
I 
Cycles: 
2 


Encoding: 
11 
1 I 0 
0 
1 


Operation: 
MOVX 
«Ri»_ 
(A) 


MOVX 
@DPTR,A 
Bytes: 
1 
Cycles: 
2 


110000 
1 


MOVX 
(DPTR)_(A) 


Function: 
Description: 


Bytes: 
Cycles: 


Multiply 
MUL AB multiplies 
the unsigned eight-bit integers in the accumulator 
and 
register B. The low-order 
byte of the sixteen-bit 
product 
is left in the ac- 
cumulator, 
and the high-order 
byte in B. If the product 
is greater than 255 
(OFFH) the overflow flag is set; otherwise it is cleared. The carry flag is always 
cleared. 
Originally the accumulator 
holds the value 80 (50H). Register B holds the value 
160 (OAOH). The instruction, 


MUL 
AB 


will give the product 12,800 (32ooH), so B is changed to 32H (ooIIOOlOB) and 
the accumulator 
is cleared. The overflow flag is set, carry is cleared. 
1 
4 


MUL 
(A)7-0- 
(A) X (B) 
(B)15-8 


Function: 
Description: 


Bytes: 
Cycles: 


No Operation 
Execution 
continues 
at the following 
instruction. 
Other 
than 
the PC, 
no 


registers or flags are affected. 
It is desired to produce a low-going output pulse on bit 7 of port 2 lasting exact- 
ly 5 cycles. A simple SETB/CLR 
sequence would generate a one-cycle pulse, so 
four additional cycles must be inserted. This may be done (assuming no inter- 
rupts are enabled) with the instruction 
sequence, 


CLR 
P2.7 
NOP 
NOP 
NOP 
NOP 
SETB 
P2.7 


10000100001 


NOP 
(PC)- 
(PC)+ 1 


Function: 
Description: 


ORL 
A,Rn 
Bytes: 


Cycles: 


Logical-OR for byte variables 
ORL 
performs 
the 
bitwise 
logical-OR 
operation 
between 
the 
indicated 


variables, storing the results in the destination 
byte. No flags are affected. 


The two operands allow six addressing mode combinations. 
When the destina- 
tion is the accumulator, 
the source can use register, direct, register-indirect, 
or 
immediate addressing; when the destination 
is a direct address, the source can 
be the accumulator 
or immediate data. 
- 


Note: When this instruction is used to modify an output port, th~ value used as 
the original port data will be read from the output 
data latch, not the input 


pins. 
If the accumulator 
holds OC3H (lIOOOOIIB) and RO holds 55H (01010101B) 


then the instruction, 


ORL 
A,RO 


will leave the accumulator 
holding the val~e OD7H (lIOIOIIIB). 


When the destination 
is a directly addressed byte, the instruction 
can set com- 


binations of bits in any RAM location or hardware register. The pattern of bits 
to be set is determined 
by a mask byte, which may be either a constant 
data 
value in the instruction or a variable computed in the accumulator 
at run-time. 


The instruction, 


ORL 
Pl,#OOIIOOIOB 


will set bits 5, 4, and I of output port I. 


o 
011 
r 
r 
r I 


ORL 
(A)_(A) 
v (Rn) 


ORl 
A,direct 
Bytes: 
2 
Cycles: 
1 


Encoding: 


10 
1 
0 
010 
1 
0 
1 I 
Idirect address I 


Operation: 
ORL 
(A)_ 
(A) v (direct) 


ORl 
A,@Ri 
Bytes: 
Cycles: 


Encoding: 


10 
1 
0 
010 
1 
1 
i I 


Operation: 
ORL 
(A)_ 
(A) v «Ri» 


ORl 
A,#data 
Bytes: 
2 
Cycles: 
I 


Encoding: 


10 
1 
0 
010 
1 
0 
01 
I immediate data 
1 


Operation: 
ORL 
(A)_ 
(A) v #data 


ORl 
direct,A 
Bytes: 
2 
Cycles: 
1 


Encoding: 


10 
1 
0 o 10 0 
1 
01 
I direct address I 


Operation: 
ORL 
(direct) _(direct) 
V (A) 


ORl 
direct,#data 
Bytes: 
3 


Cycles: 
2 


I 0 
1 
0 
0 I 0 
0 
1 
1 I 
I direct addr·1 
I immediate data I 


ORL 
(direct)-(direct) 
v 
#data 


Function: 
Description 


ORL 
C,bit 
Bytes: 
2 
Cycles: 
2 


Logical-OR for bit variables 
Set the carry flag if the Boolean value is a logical I; leave the carry in its current 
state otherwise. A slash ("I") preceding the operand in the assembly language 
indicates that the logical complement of the addressed bit is used as the source 
value, but the source bit itself is not affected. 
No other flags are affected. 


Set the carry flag if and only if P 1.0 = 1, ACC.7 
= 1, or OV = 0: 


MOV 
C,P1.0 
ORL 
C,ACC.7 
ORL 
C,IOV 


;LOAD CARRY WITH INPUT PIN PIO 
;OR CARRY WITH THE ACC. BIT 7 
:OR CARRY WITH THE INVERSE OF OV 


1 I 0 
0 
1 
0 I 
I bit address I 


ORL 
(C)-(C) v (bit) 


ORL 
C,/bit 
Bytes: 
2 
Cycles: 
2 


11 
0 
1 
0 I 0 
0 
0 
0 I 
I bit address I 


ORL 
(C)- 
(C)v (bit) 


Function: 
Description: 
Pop from stack. 
The contents of the internal RAM location addressed by the stack pointer is 
read, and the stack pointer is decremented by one. The value read is the transfer 
to the directly addressed byte indicated. 
No flags are affected. 


Bytes: 


Cycles: 


The stack pointer originally contains the value 32H, and internal RAM loca- 
tions 30H through 
32H contain the values 20H, 23H, and 01H, respectively. 
The instruction 
sequence, 


POP 
DPH 
POP 
DPL 


will leave the stack pointer equal to the value 30H and the data pointer set to 
0123H. At this point the instruction, 


POP 
SP 


will leave the stack pointer set to 20H. Note that in this special case the stack 
pointer was decremented 
to 2FH before being loaded with the value popped 
(20H). 
2 
2 


o 
1 I 0 
0 
0 
0 I I direct address I 


POP 
(direct)_ 
«SP» 


(SP)-(SP) 
- 


Function: 


Description: 


Bytes: 
Cycles: 


Push onto stack 
The stack pointer is incremented by one. The contents of the indicated variable 
is then copied into the internal RAM location addressed by the stack pointer. 
Otherwise no flags are affected. 
On entering 
an interrupt 
routine 
the stack pointer 
contains 
09H. The data 
pointer holds the value 0123H. The instruction 
sequence, 


PUSH 
DPL 
PUSH 
DPH 


will leave the stack pointer set to OBH and store 23H and 01H in internal RAM 
locations OAH and OBH, respectively. 
2 
2 


11 
1 
0 
0 I 0 
0 
0 
0 I 
I direct address I 


PUSH 
(SP)-(SP) 
+ 


«SP»_ 
(direct) 


Function: 
Description: 


Bytes: 
Cycles: 


Return from subroutine 
RET pops the high- and low-order bytes of the PC successively from the stack, 
decrementing 
the stack pointer by two. Program 
execution continues 
at the 


resulting address, generally the instruction 
immediately following an ACALL 
or LCALL. No flags are affected. 
The stack pointer originally contains the value OBH. Internal RAM locations 
OAH and OBH contain the values 23H and OIH, respectively. The instruction, 


RET 


will leave the stack pointer equal to the value 09H. Program execution will con- 
tinue at location 0123H. 
I 
2 


10 
0 
010 
0 


RET 
(PC 15-8)- 
«SP» 
(SP)_(SP) 
- 
I 
(PC7-0)_«(SP» 
(SP)_(SP) 
- 
I 


Function: 
Description: 
Return from interrupt 
RETI pops the high- and low-order bytes of the PC successively from the stack, 
and restores the interrupt 
logic to accept additional 
interrupts 
at the same 
priority level as the one just processed. The stack pointer is left decremented by 
two. No other registers are affected; the PSW is not automatically 
restored to 
its pre-interrupt 
status. Program execution continues at the resulting address, 


which is generally the instruction immediately after the point at which the inter- 
rupt request was detected. If a lower- or same-level interrupt had been pending 
when the RETI instruction 
is executed, that one instruction 
will be executed 
before the pending interrupt 
is processed. 


Bytes: 
Cycles: 


The stack pointer originally contains the value OBH. An interrupt was detected 
during the instruction ending at location 0122H. Internal RAM locations OAH 
and OBH contain the values 23H and OIH, respectively. The instruction, 


will leave the stack pointer equal to 09H and return program execution to loca- 
tion 0123H. 
I 
2 


10 
0 
II 0 
0 
I 
0 I 


RETI 
(PC 15-8)_ 
«SP» 
(SP) - 
(SP) - 
I 
(PC7-0) _«SP» 
(SP)- 
(SP) - 
I 


Function: 
Description: 


Bytes: 
Cycles: 


Rotate accumulator 
Left 
The eight bits in the accumulator 
are rotated one bit to the left. Bit 7 is rotated 
into the bit 0 position. No flags are affected. 
The accumulator 
holds the value OC5H (11000101B). The instruction, 
RL 
A 


leaves the accumulator 
holding the value 8BH (10001011B) with the carry unaf- 
fected. 
1 
1 


10 
0 
1 
010 
0 
I 
1 I 


RL 
(An + 1)- 
(An) 


(AO)-(A7) 


Function: 
Description: 


Bytes: 
Cycles: 


Rotate accumulator 
Left through the Carry flag 
The eight bits in the accumulator 
and the carry flag are together rotated one bit 
to the left. Bit 7 moves into the carry flag; the original state of the carry flag 
moves into the bit 0 position. 
No other flags are affected. 
The accumulator 
holds the value OC5H (I 1000101B), and the carry is zero. The 
instruction, 


leaves the accumulator 
holding the value 8BH (1000101OB) with the carry set. 


1 


1 


10 
0 


RLC 
(An + 1)- (An) 
(AO)-(C) 
(C)--(A7) 


Function: 
Description: 


Bytes: 
Cycles: 


Rotate accumulator 
Right 
The eight bits in the accumulator 
are rotated one bit to the right. Bit 0 is rotated 
into the bit 7 position. No flags are affected. 
The accumulator 
holds the value OC5H (I 1000101B). The instruction, 


RR 
A 


leaves the accumulator 
holding the value OE2H (111000IOB) with the carry 
unaffected. 
1 
1 


100001001 
11 


RR 
(An) - 
(An + J) 


(A7)_(AO) 


Function: 


Description: 


Bytes: 


Cycles: 


Rotate accumulator 
Right through Carry flag 


The eight bits in the accumulator 
and the carry flag are together rotated one bit 
to the right. Bit 0 moves into the carry flag; the original value of the carry flag 
moves into the bit 7 position. No other flags are affected. 
The accumulator 
holds the value OC5H (11000101B), the carry is zero. The in- 


struction, 


leaves the accumulator 
holding the value 62 (011000IOB) with the carry set. 


1 


1 


10 
0 
0 
110 
0 
1 
1[ 


RRC 
(An)_ 
(An + I) 


(A7)_(C) 
(C)_(AO) 


Function: 
Description: 


SETB 
C 
Bytes: 
Cycles: 


SETB 
bit 
Bytes: 
Cycles: 


Set Bit 
SETB sets the indicated bit to one. SETB can operate on the carry flag or any 
directly addressable 
bit. No other flags are affected. 


The carry flag is cleared. Output port 1 has been written with the value 34H 
(00110100B). The instructions, 


SETB 
C 
SETB 
Pl.O 


will leave the carry flag set to 1 and change the data output on port 1 to 35H 
(00110101B). 


0110011/ 


SETB 
(C)-1 


2 
I 


11 
1 ° 
1 I° 
0 
1 ° I 
I bit address I 


SETB 
(bit)---1 


Function: 
Description: 
Short Jump 
Program control branches unconditionally 
to the address indicated. The branch 


destination 
is computed 
by adding the signed displacement 
in the second in- 


struction byte to the PC, after incrementing the PC twice. Therefore, the range 
of destinations allowed is from 128 bytes preceding this instruction to 127 bytes 
following it. 


Bytes: 
Cycles: 


The label "RELADR" is assigned to an instruction at program memory location 
0123H. The instruction, 


will assemble into location OlOOH.After the instruction is executed, the PC will 
contain the value 0123H. 


(Note: Under the above conditions 
the instruction 
following SJMP will be at 


102H. Therefore, 
the displacement 
byte of the instruction 
will be the relative 


offset (0123H-0102H) 
= 21H. Put another way, an SJMP with a displacement 


of OFEH would be a one-instruction 
infinite loop.) 


2 
2 


II 
0 
0 
0 [TIYJ>J 
I reI. address I 


SJMP 
(PC) - 
(PC) + 2 


(PC)- 
(PC) + rei 


Function: 
Description: 


SUBB 
A,Rn 
Bytes: 
Cycles: 


Subtract with borrow 
SUBB subtracts the indicated variable and the carry flag together from the ac- 
cumulator, 
leaving the result in the accumulator. 
SUBB sets the carry (borrow) 


flag if a borrow is needed for bit 7, and clears C otherwise. (If C was set before 
executing a SUBB instruction, 
this indicates that a borrow was needed for the 


previous step in a multiple precision subtraction, 
so the carry is subtracted from 


the accumulator 
along with the source operand.) AC is set if a borrow is needed 


for bit 3, and cleared otherwise. OV is set if a borrow is needed into bit 6, but 
not into bit 7, or into bit 7, but not bit 6. 


When subtracting 
signed integers OV indicates a negative number 
produced 


when a negative value is subtracted 
from a positive value, or a positive result 


when a positive number is subtracted 
from a negative number. 


The source operand 
allows four addressing 
modes: register, direct, register- 


indirect, or immediate. 
The accumulator 
holds OC9H (1100100IB), register 2 holds 54H (01010100B), 


and the carry flag is set. The instruction, 


SUBB 
A,R2 


will leave the value 74H (01110100B) in the accumulator, 
with the carry flag and 


AC cleared but OV set. 


Notice that OC9H minus 54H is 75H. The difference between this and the above 
result is due to the carry (borrow) 
flag being set before the operation. 
If the 
state of the carry is not known before starting a single or multiple-precision 
sub- 


traction, 
it should be explicitly cleared by a CLR C instruction. 


r 
r 
r I 


SUBS 
(A)_ 
(A) - 
(C) - 
(Rn) 


SUBB 
A,direct 
Bytes: 
2 
Cycles: 
1 


SUBB 
A,@Ri 
Bytes: 
Cycles: 


II 
0 
0 
1 I, 0 
1 
0 
1 I I direct address I 


SUBB 
(A)_ 
(A) - 
(C) - 
(direct) 


11001101 
1 
i I 


Operation: 
SUBB 
(A)_ 
(A) - 
(C) - 
«Ri» 


SUBS . A,#data 
Bytes: 
2 
Cycles: 
1 


11 
0 
0 
1 I 0 
l' 
0 
0 I 
I. immediate data 


SUBB 
(A)_(A) 
- 
(C) - 
#data 


Function: 


Description: 


Bytes: 


Cycles: 


Swap nibbles within the Accumulator 
SWAP A interchanges 
the low- and high-order nibbles (four-bit 
fields) of the 


accumulator 
(bits 3-0 and bits 7-4). The operation 
can also be thought of as a 


four-bit rotate instruction. 
No flags are affected. 
The accumulator 
holds the value OC5H (11000101B). The instruction, 


SWAP 
A 


leaves the accumulator 
holding the value 5CH (01011100B). 


1 
1 


11100101001 


SWAP 
(A3-0)~(A7-4). 
(A7-4)-(A3-0) 


Function: 
Description: 


XCH 
A,Rn 
Bytes: 
Cycles: 


XCH 
A,direct 
Bytes: 
2 
Cycles: 
1 


XCH 
A,@Ri 
Bytes: 
Cycles: 


Exchange Accumulator 
with byte variable 
XCH loads the accumulator 
with the contents of the indicated variable, at the 
same time writing the original accumulator 
contents to the indicated variable. 
The source/destination 
operand can use register, direct, or register-indirect 
ad- 
dressing. 
RO contains 
the 
address 
20H. 
The 
accumulator 
holds 
the 
value 
3FH 
(00111111B). Internal 
RAM location 20H holds the value 75H (01110101B). 
The instruction, 


XCH 
A,@RO 


will leave RAM location 20H holding the values 3FH (00111111B)' and 75H 
(01110101B) in the accumulator. 


0011 
r 
r rl 


XCH 
(A)~(Rn) 


o 
0 I 0 
1 
0 
11 
I direct address I 


XCH 
(A)~(direct) 


o oJo 
1 


XCH 
(A)~«Ri» 


Function: 
Description: 


Bytes: 
Cycles: 


Exchange Digit 
XCHD exchanges the low-order nibble of the accumulator 
(bits 3-0), generally 
representing a hexadecimal or BCD digit), with that of the internal RAM loca- 
tion indirectly addressed by the specified register. The high-order nibbles (bits 
7-4) of each register are not affected. 
No flags are affected. 
RO contains 
the 
address 
20H. 
The 
accumulator 
holds 
the 
value 
36H 


(0011011OB). Internal 
RAM location 20H holds the value 75H (01110101 B). 
The instruction, 


will leave RAM location 
20H holding the value 76H (0111011OB) and 35H 


(00110101B) in the accumulator. 


1 


1 


XCHD 
(A3-0)~«Ri3-0» 


Function: 
Description: 


XRL 
A,Rn 
Bytes: 
Cycles: 


XRL 
A,direct 
Bytes: 
2 
Cycles: 
I 


Logical Exclusive-OR for byte variables 
XRL performs 
the bitwise logical Exclusive-OR 
operation 
between the in- 
dicated variables, storing the results in the destination. 
No flags are affected. 


The two operands allow six addressing mode combinations. 
When the destina- 
tion is the accumulator, 
the source can use register, direct, register-indirect, 
or 
immediate addressing; 
when the destination 
is a direct address, the source can 
be the accumulator 
or immediate data. 


(Note: When this instruction is used to-modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins.) 
If the accumulator 
holds OC3H (11000011B) and register 
0 holds OAAH 
(1OIOIOIOB)then the instruction, 


XRL 
A,RO 


will leave the accumulator 
holding the value 69H (01101001B). 


When the destination 
is a directly addressed byte, this instruction 
can comple- 
ment combinations 
of bits in any RAM location or hardware register. The pat- 
tern of bits to be complemented is then determined by a mask byte, either a con- 
stant contained in the instruction or a variable computed in the accumulator 
at 
run-time. The instruction, 


XRL 
PI,#oollooOIB 


will complement 
bits 5, 4, and 0 of output port I. 


r 
r 
r I 


XRL 
(A)..- 
(A) 
"t 
(Rn) 


I 
0 I 0 
I 
~ 
I direct address I 


XRL 
(A)..-(A) 
"t 
(direct) 


XRL 
A,@Ri 
Bytes: 
Cycles: 


Encoding: 
I 0 
I 
I 
0 I 0 
I 
I i I 


Operation: 
XRL 
(A)-(A) 
"I 
«Ri» 


XRL 
A,#data 
Bytes: 
2 
Cycles: 
I 


I 0 
1 
I 
0 I 0 
I 
0 
0 I 
I immediate data I 


XRL 
(A)_(A) 
"I 
#data 


XRL 
direct,A 
Bytes: 
2 
Cycles: 
I 
I 0 
I 
I 
0 I 0 
0 
I 
0 I I direct addressI 


Operation: 
XRL 
(direct)_ 
(direct) 
"I 
(A) 


XRL 
direct,#data 
Bytes: 
3 
Cycles: 
2 


I 0 
I 
I 
0 I 0 
0 
1 
I I 
I direct address I 
I immediate data I 


XRL 
(direct)_ 
(direct) 
"I 
#data 
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8-BIT CONTROL-ORIENTED 
MICROCOMPUTERS 


8031/8051 
8031AH/8051AH 
8032AH/8052AH 
8751H/8751H-12 


• High Performance HMOS Process 
• Internal Timers/Event 
Counters 


• 2-Level Interrupt Priority Structure 
• 32 I/O Lines (Four 8-Bit Ports) 
• 64K Program Memory Space 


• Boolean Processor 
• Bit-Addressable 
RAM 
• Programmable Full Duplex Serial Channel 
• 111 Instructions 
(64 Single-Cycle) 


• 64K Data Memory Space 


The MCSIIt-51 products 
are optimized 
for control 
applications. 
Byte-processing 
and numerical 
operations 
on 
small data structures 
are facilitated 
by a variety of fast addressing 
modes for accessing 
the internal 
RAM. The 
instruction 
set provides 
a convenient 
menu 
of 8-bit arithmetic 
instructions, 
including 
multiply 
and divide 
in 
structions. 
Extensive 
on-chip 
support 
is provided 
for one-bit variables 
as a separate 
data type, allowing 
direct 
bit manipulation 
and testing 
in control 
and logic systems 
that require 
Boolean 
processing. 


Internal 
Memory 


Timersl 


Device 
Program 
Data 
Event 
Counters 
Interrupts 


8052AH 
8K x 8 ROM 
256 x 8 RAM 
3 x 
16-Bit 
6 
8051AH 
4K x 8 ROM 
128 x 8 RAM 
2 x 
16-Bit 
5 
8051 
4K x 8 ROM 
128 x 8 RAM 
2 x 
16-Bit 
5 
8032AH 
none 
256 
x 8 RAM 
3 x 16-Bit 
6 
8031AH 
none 
128 x 8 RAM 
2 x 
16-Bit 
5 
8031 
none 
128 x 8 RAM 
2 x 
16-Bit 
5 
8751H 
4K x 8 EPROM 
128 x 8 RAM 
2 x 
16-Bit 
5 
8751H-12 
4K x 8 EPROM 
128 x 8 RAM 
2 x 
16-Bit 
5 


The 8751H 
is an EPROM 
version 
of the 8051AH; 
that is, the on-chip 
Program 
Memory 
can be electrically 
programmed, 
and can be erased by exposure 
to ultraviolet 
light. It is fully compatible 
with its predecessor, 
the 
8751-8, 
but incorporates 
two new features: 
a Program 
Memory 
Security 
bit that can be used to protect 
the 
EPROM 
against 
unauthorized 
read-out, 
and a programmable 
baud rate modification 
bit (SMOD). 
SMOD 
is not 
present 
in the 8751 H-12. 


intJ 
8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751 H/8751 H-12 


r---------- 
Vcc~n 
- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


-------------, 


I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
________ 
J 


PIN DESCRIPTIONS 


VCC 
Port 0 also receives 
the code bytes during program- 
ming of the EPROM parts, and outputs the code bytes 
during program 
verification 
of the ROM and EPROM 
parts. 
External 
pullups 
are required 
during 
program 
verification. 


Port 1 is an a-bit bidirectional 
110 port with internal 
pullups. 
The Port 1 output 
buffers can sink/source 
4 
LS TTL 
inputs. 
Port 
1 pins that 
have 
1s written 
to 
them are pulled high by the internal 
pullups, 
and in 
that state can be used as inputs. 
As inputs, 
Port 1 


pins that are externally 
being 
pulled 
low will source 
current (ilL, on the data sheet) because of the internal 
pullups. 


Port 0 is an a-bit open drain bidirectional 
110 port. As 


an output 
port each 
pin can sink a LS TTL 
inputs. 


Port 0 pins that have 1s written to them float, and in 
that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1s, and can source 
and 


sink a LS TTL inputs. 


Port 1 also receives the low-order 
address 
bytes dur- 


ing programming 
of the 
EPROM 
parts 
and 
during 
program 
verification 
of the ROM and EPROM 
parts. 


inter 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H·12 


•••••• 
• ~ " - 
~ .~ 
" t 
f 
r t 
COfINfJl: .•..•.•• 
[ 
[ 
[ 
[ 
it 


L{",'l 


I052I8032 ONLY 
L'J L5J ~.jL3J 
L2J '., rJ ~~ ~2J ~~ :40: 
LJ 


Pl.5 =~~ 
~~=... 


Pl.0 
VCC 
PU 
=-=J 
r~=... 


P1.1 
PO.OADO 


P1.2 
PO.1AOl 
Pl.7 ):J 
~~1=... 


P1.3 
PO.2A02 
PU 
PO.3AD3 
••.. j!J 
r~= ...t 


P1.5 
PO•• 1004 
j!J 
r~( 
Vi 
PU 
PO.5 ADS 
03.' 


Pl.7 
PO•• 1006 
He ~~J 
~~= 
He 


AST 
PO.7 A07 


AXO P3.0 
6IvDD 
03. j!J 
[~3: 
TXO P3.1 
ALEJiSilOll 


iiffij P3.2 
Jimi 
P3.2 ='~~ 
~l( om; 
iii'fi P3.3 
P2.7 1015 
j~J 
f~~ 
TO P3.• 
P2.6Al. 
01. 
P2.t 


T1 P3.5 
P2.5A13 
J~] 
~~= 
010 
WlI P3.• 
P2•• A12 


liilP3.7 
P2.3 A'1 
PJ.S 
~~] 
t:!t: 
P2' 
XTAL2 
P2.2Al0 
"1 
..., ..., "' 
~.: 
r' " " 
XTALI 
P2.1 AI 
:": :": 
:20] ;21: 
;2:f: :2): 
;2Sj 
:26: 
;27j :2.: 


VSS 
P2.0 AI 
~ ~ ~ 
~ ~ 
~ 
~ ~ 
~ 
:; 
~ 


Pad 


In the 8032AH and 8052AH, Port 1 pins P1.0 and 
P1.1 also serve the T2 and T2EX functions, respec- 
tively. 


Port 2 is an 8·bit bidirectional 1/0 port with internal 
pullups. The Port 2 output buffers can sink/source 4 
LS TTL inputs. Port 2 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (ilL, on the data sheet) because of the internal 
pullups. 


Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1s. During 
accesses to external Data Memory that use 8-bit ad- 
dresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 


Port 2 also receives the high-order address bits dur- 
ing programming of the EPROM parts and during 
program verification of the ROM and EPROM parts. 


Port 3 is an 8·bit bidirectional 1/0 port with internal 
pullups. The Port 3 output buffers can sink/source 4 
LS TTL inputs. Port 3 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (ilL, on the data sheet) because of the pullups. 


Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 


Port Pin 
Alternative 
Function 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 


P3.2 
INTO(external interrupt 0) 


P3.3 
INT1 (external interrupt 1) 


P3.4 
TO (Timer 0 external input) 


P3.5 
I!-(Timer 
1 external input) 


P3.6 
WR (external data memory write 
_ 
strobe) 
P3.7 
RD (external data memory read 


strobe) 


803118051 • 
8031AH/8051AH 
8032AH/8052AH 
• 
8751 H/8751 H-12 


Reset input. A high on this pin for two machine 
cycles 


while the oscillator 
is running 
resets the device. 


Address 
Latch 
Enable 
output 
pulse for latching 
the 


low byte of the address 
during 
accesses 
to external 


memory. 
ALE can drive 8 LS TTL inputs. This pin is 


also 
the 
program 
pulse 
input 
(PROG) 
during 
pro- 
gramming 
of the EPROM 
parts. 


In normal operation 
ALE is emitted 
at a constant 
rate 


of % the oscillator 
frequency, 
and may be used for 


external 
timing or clocking 
purposes. 
Note, however, 


that one ALE pulse is skipped 
during each access to 


external 
Data Memory. 


Program 
Store Enable is the read strobe to external 


Program 
Memory. 
PSEN can drive 8 LS TTL inputs. 


When the device is executing 
code from external Pro- 


gram Memory, 
PSEN is activated twice each machine 


cycle, except that two PSEN activations 
are skipped 


during each access 
to external 
Data Memory. 


External 
Access 
enable 
EA must be externally 
held 


low in order to enable 
any MCS-51 
device 
to fetch 


code from external 
Program 
Memory 
locations 
0 to 


OFFFH (0 to 1FFFH, 
in the 8032AH 
and 8052AH). 


C1, C2 = 30 pF 
'" 10 pF FOR CRYSTALS 


= 40 pF 
'" 10 pF FOR CERAMIC 
RESONATORS 


Note, however, 
that if the Security 
Bit in the EPROM 
devices is programmed, 
the device will not fetch code 
from any location 
in external 
Program 
Memory. 


This pin also receives 
the 21 V programming 
supply 
voltage 
(VPP) 
during 
programming 
of the 
EPROM 
parts. 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, 
of an inverting 
amplifier 
which 
can be confi- 


gured 
for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. 
More detailed 
information 
concerning 
the 
use 
of the 
on-chip 
oscillator 
is available 
in 
Application 
Note 
AP-155, 
"Oscillators 
for Micro- 


controllers." 


To drive 
the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while 
XTAL2 
is driven, 


as shown in Figure 4. There are no requirements 
on 
the duty cycle of the external 
clock signal, 
since t~e 
input 
to the internal 
clocking 
circuitry 
is through 
a 
divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times specified 
on the Data Sheet must 
be observed. 


EXTERNAL 


OSCILLATOR 


SIGNAL 


'NOTICE: Stresses above those listed under "Ab· 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
... 
0 °C to 70 °C 


Storage 
Temperature 
. . . .. 
- 65 °C to + 150 °C 


Voltage 
on ENVPP 
Pin to VSS 
. - 0.5V to + 21.5V 


Voltage 
on Any Other 
Pin to VSS 
- 0.5V to + 7V 


Power Dissipation 
. . . . . . . . . . . . . . . . 
1.5W 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except 
EA Pin of 
-0.5 
0.8 
V 
8751 H, 8751 H-12) 


VIL1 
Input Low Voltage 
to EA Pin of 
0 
0.7 
V 
8751H,8751H-12 


VIH 
Input High Voltage 
(Except 
XTAL2, 
2.0 
VCC+0.5 
V 
RST) 


VIH1 
Input High Voltage 
to XTAL2, 
RST 
2.5 
VCC+0.5 
V 
XTAL1 
= VSS 


VOL 
Output 
Low Voltage 
(Ports 
1, 2, 3)* 
0.45 
V 
IOL = 1.6 rnA 


Output 
Low Voltage 
(Port 0, ALE, 
VOL1 
PSEN)* 


0.60 
V 
IOL = 3.2 mA 
8751H,8751H-12 
0.45 
V 
IOL = 2.4 mA 


All Others 
0.45 
V 
IOL = 3.2 mA 


VOH 
Output 
High Voltage 
(Ports 
1, 2, 3) 
2.4 
V 
IOH = 
-80/-LA 


VOH1 
Output 
High Voltage 
(Port O_in__ 
2.4 
V 
IOH = 
-400/-LA 
External 
Bus Mode, ALE, PSEN) 


ilL 
Logical 
0 Input Current 
(Ports 
1, 2, 3) 
8032AH,8052AH 
-800 
/-LA 
Vin = 0.45 V 
All Others 
-500 
/-LA 
Vin = 0.45 V 


IIL1 
Logical 0 Input Current 
to EA Pin of 
-15 
mA 
8751H, 
8751H-12 
Only 


1IL2 
Logical 
0 Input Current 
(XTAL2) 
-3.2 
mA 
Vin = 0.45 V 


III 
Input Leakage 
Current 
(Port 0) 
8751H,8751H-12 
±100 
/-LA 
0.45 < Vin < VCC 
All Others 
±10 
JJA 
0.45 < Vin < VCC 


IIH 
Logical 
1 Input Current 
to EA Pin of 
500 
JJA 
8751 H, 8751 H-12 


IIH1 
Input Current 
to RST to Activate 
Reset 
500 
/-LA 
Vin < (VCC - 1.5V) 


ICC 
Power Supply 
Current: 
8031/8051 
160 
mA 
All Outputs 
Discon- 
8031 AH/8051 AH 
125 
mA 
nected; 
EA = VCC 
8032AH/8052AH 
175 
mA 
8751 H/8751 H-12 
250 
mA 


CIO 
Pin Capacitance 
10 
pF 
test freq = 1MHz 


'Note: 
Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLs 
of ALE and 
Ports 1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these pIns make 
1-to-0 transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise 
pulse 
on the ALE line 
may exceed 
0.8V. 
In such 
cases 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an address 
latch with a 
Schmitt 
Trigger 
STROBE 
input. 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H·12 


A.C. CHARACTERISTICS: 
(TA = 0 °C to + 70°C, 
VCC = 5V ± 10%, VSS = OV, 


Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, 


Load Capacitance 
for All Other Outputs 
= 80 pF) 


12MHz Osc 
Variable 
Oscillator 


Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Units 


1ITCLCL 
Oscillator 
Frequency 
3.5 
12. 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL·40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL·35 
ns 


TLLlV 
ALE Low to Valid Instr In 
ns 


8751 H, 8751 H·12 
183 
4TCLCL·150 


All Others 
233 
4TCLCL·100 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8751H,8751H·12 
190 
3TCLCL·60 
ns 


All Others 
215 
3TCLCL·35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
8751H,8751H-12 
100 
3TCLCL·150 
ns 


All Others 
125 
3TCLCL·125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
TCLCL·20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL·8 
ns 


TAVIV 
Address 
to Valid Instr In 
8751 H, 8751 H-12 
267 
5TCLCL·150 
ns 


All Others 
302 
5TCLCL·115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
TBD 
TBD 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL·100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLC.L·165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL·70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL·150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL·50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
8751H,8751H-12 
13 
TCLCL-70 
ns 


All Others 
23 
TCLCL·60 
ns 


TOVWH 
Data Valid to WR High 
433 
7TCLCL·150 
ns 


TWHOX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
TBD 
TBD 
ns 


TWHLH 
RD or WR High to ALE High 
8751H,8751H·12 
33 
133 
TCLCL·50 
TCLCL+50 
ns 


All Others 
43 
123 
TCLCL·40 
TCLCL+40 
ns 


inter 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12 


I-TLLPL 


!--TPLPH 


TLLIV 


S031/S051 
• 
S031AH/S051AH 
S032AH/S052AH 
• 
S751 H/S751 H·12 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12 


rQVWX 


rQVWH 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H·12 


SERIAL 
PORT TIMING - 
SHIFT REGISTER 
MODE 


Test Conditions: 
TA = 0 °c to 70°C; 
VCC = 5V :': 10%; VSS = OV; Load Capacitance 
= 80 pF 


12MHz 
Osc 
Variable 
Oscillator 


Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
J.LS 


TOVXH 
Output 
Data Setup to Clock Rising 
700 
10TCLCL-133 
ns 


Edge 


TXHOX 
Output 
Data Hold After Clock 
50 
2TCLCL·117 
ns 


Rising Edge 


TXHDX 
Input Data Hold After Clock Rising 
0 
0 
ns 


Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
10TCLCL·133 
ns 


Valid 


~'O't·" .•.1 ~UHO. 
I 
---\-=--=--=-==X 
X 
X 
X 
X 
X 
X 


"Ho,l~ j~"HO' 


I 
t 


SUfi 


S031/S051 • 
S031AH/S051AH 
S032AH/S052AH 
• 
S751H/S751 H-12 


Symbol 
Parameter 
Mln 
Max 
Units 


1iTClCl 
Oscillator Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
n!t 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


2.0 
2.0 
" 
/' 
/ 
TEST POINTS < ..•••. 


0.8 
0.8 


AC 
TESTING: INPUTS ARE DRIVEN AT 24 V FDA A lOGIC 
1 AND .045 V FOR 


A LOGIC 
0' 
TIMING MEASUREMENTS 
ARE MADE AT 20V 
FOR A LOGIC 
, 
AND Dav 
FOR A lQGICO 


S031/S051 
• 
S031AH/S051AH 
S032AH/S052AH 
• 
S751 H/S751 H-12 


Mode 
RST 
PSEN 
ALE 
EA 
P2.7 
P2.6 
P2.5 
P2.4 


Program 
1 
0 
O' 
VPP 
1 
0 
X 
X 


Inhibit 
1 
0 
1 
X 
1 
0 
X 
X 


Verify 
1 
0 
1 
1 
0 
0 
X 
X 


Security 
Set 
1 
0 
O' 
VPP 
1 
1 
X 
X 


Note: "1" = logic high for that pin 


"0" = logic low for that pin 
"X" = "don't care" 
"VPP" = +21V 
±0.5V 


To be programmed, 
the part must be running with a 


4 to 6 MHz oscillator. 
(The reason the oscillator 
needs 


to be running 
is that the internal 
bus is being used to 


transfer 
address 
and program 
data to appropriate 
in- 


ternal registers.) 
The address 
of an EPROM 
location 


to be programmed 
is applied 
to 
Port 
1 and 
pins 


P2.0-P2.3 
of Port 2, while the code by1e to be pro- 


grammed 
into that location 
is~d 
to Port O. The 


other 
Port 2 pins, and RST, PSEN, 
and EA should 


be held at the "Program" 
levels indicated 
in Table 3. 
ALE is pulsed 
low for 50 msec to program 
the code 


by1e into the addressed 
EPROM 
location. 
The setup 


is shown 
in Figure 5. 


Normally 
EA is held at a !2gic high until just before 


ALE is to be pulsed. Then EA is raised to + 21V, ALE 
is pulsed, 
and then 
EA is returned 
to a logic high. 
Waveforms 
and 
detailed 
timing 
specifications 
are 


shown 
in later sections 
of this data sheet. 


Note that the ENVPP 
pin must not be allowed 
to go 


above the maximum 
specified 
VPP level of 21.5V for 
any amount 
of time. Even a narrow glitch above that 


voltage 
level can cause 
permanent 
damage 
to the 
device. The VPP source should be well regulated 
and 
free of glitches. 


Program Verification 


If the Security 
Bit has not been programmed, 
the on- 


chip Program Memory 
can be read out for verification 
purposes, 
if desired, 
either 
during 
or after the pro- 


gramming 
operation. 
The 
address 
of the 
Program 
Memory 
location 
to be read is applied 
to Port 1 and 
pins P2.0-P2.3. 
The other pins should be held at the 
"Verify" 
levels indicated 
in Table 3. The contents 
of 


the addressed 
location 
will come out on Port O. Ex- 
ternal pullups are required on Port 0 for this operation. 


The setup, which 
is shown 
in Figure 6, is the same 
as for programming 
the EPROM except that pin P2.7 


is held at a logic low, or may be used as an active- 
low read strobe. 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751 H/8751 H-12 


EPROM 
Security 


The security 
feature 
consists 
of a "locking" 
bit which 
when 
programmed 
denies 
electrical 
access 
by any 
external means to the on-chip 
Program Memory. 
The 
bit is programmed 
as shown 
in Figure 7. The setup 
and procedure 
are the same as for normal 
EPROM 
programming, 
except that P2.6 is held at a logic high. 
Port 0, Port 
1, and pins 
P2.0-P2.3 
may be in any 
state. The other pins should be held at the "Security" 
levels indicated 
in Table 3. 


Once the Security 
Bit has been programmed, 
it can 
be cleared 
only by full erasure 
of the Program 
Mem- 
ory. While 
it is programmed, 
the 
internal 
Program 
Memory 
can not be read out, the device 
can not be 
further 
programmed, 
and it can not execute 
out of 
external 
program 
memory. 
Erasing 
the 
EPROM, 
thus clearing 
the Security 
Bit, restores 
the device's 
full functionality. 
It can then be reprogrammed. 


Erasure of the EPROM begins to occur when the chip 
is exposed 
to light with wavelengths 
shorter than ap- 
proximately 
4,000 
Angstroms. 
Since 
sunlight 
and 
flourescent 
lighting 
have wavelengths 
in this range, 
exposure 
to these 
light 
sources 
over 
an extended 
time (about 
1 week 
in sunlight, 
or 3 years 
in room- 
level 
flourescent 
lighting) 
could 
cause 
inadvertent 
erasure. 
If an application 
subjects 
the device 
to this 
type of exposure, 
it is suggested 
that an opaque label 
be placed over the window. 


+5V 
X = "DON'T 
CARE" 


VCC 
p, 


PO 
P2.0- 
P2.3 
87S1H 


P2." 
ALE 
ALEIPROG 


P2.5 
50 m. PULSE 
TO GNO 


P2.6 


P2.7 
EA 
EA.VPP 


XTAL.2 


R5T 
VIH1 


XTAL1 


V55 
P$EN 


The recommended 
erasure 
procedure 
is exposure 
to 
ultraviolet 
light (at 2537 Angstroms) 
to an integrated 
dose of at least 15 W-sec/cm2. 
Exposing the EPROM 
to an ultraviolet 
lamp of 12,000 j.LW/cm2 
rating for 20 
to 30 minutes, 
at a distance 
of about 
1 inch, should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS: 
(TA = 21°C 
to 27 °C, VCC = 5V±10%, 
VSS = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


VPP 
Programming 
Supply Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Supply 
Current 
30 
mA 


1ITCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to VPP 
48TCLCL 


TSHGL 
VPP Setup to PROG Low 
10 
J.LSec 


TGHSL 
VPP Hold After PROG 
10 
J.LSec 


TGLGH 
PROG Width 
45 
55 
msec 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


inter 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12 


• 
Full BASIC Interpreter 
in ROM on a 


Single Chip 
• 
BCD Floating 
Point Math 
• 
Generates 
All Timing 
Necessary 
to 


Program 
EPROMS 
and E2PROMS 


• 
Fast Tokenlzed 
Interpreter 


• 
"Stand Alone" 
Software 
Development 


• 
All Arithmetic 
and Utility Routines 
Can 


Be Called From Assembly 
Language 


• 
Interrupts 
Can Be Handled 
By BASIC or 


Assembly 
Language 


• 
Built-In Accurate 
REAL TIME CLOCK 


• 
Multiple 
User Programs 


• 
Programs 
May Reside 
In RAM, EPROM 


or E2PROM 


• 
Built in Radix Conversion 
- 
Hex to 


Decimal and Decimal 
to Hex 


8052AH-BASIC 
is an 8052AH 
microcontroller 
with a complete 
full-featured 
BASIC 
interpreter, 
MCS~ BASIC- 


52, resident 
in the 8K of available 
ROM. This Software-On-Silicon 
product 
is specifically 
designed 
to address 
the needs of process control, 
measurement, 
and instrumentation 
applications. 
MCS BASIC-52 
allows 8052AH 
users to write programs 
in the popular BASIC language, 
which is much simpler to write and easier to understand 
than assembly 
language. 


In addition to the standard 
BASIC commands 
and functions, 
such as floating point arithmetic 
and transcendental 
operations, 
MCS BASIC-52 
contains 
many 
unique 
features 
that allow the user to perform 
tasks that usually 
require assembly 
language. 
Bit-wise 
logical operators, 
such as AND, OR, and EXCLUSIVE-OR 
are supported 
as well as hexadecimal 
arithmetic. 


A minimum 
amount of hardware 
is required to support 
MCS BASIC-52. 
Small systems 
can be constructed 
with 
only a latch, 
1K by1es of external 
memory, 
and the appropriate 
serial 
port drivers. 
With the addition 
of a 
transistor, 
a gate, and a couple 
of passive 
components, 
MCS BASIC-52 
can program 
EPROM 
or E2PROM 
devices 
with the users 
application 
program. 
Both the standard 
and the inteligent 
Programming'· 
algorithms 
are supported. 


MCS BASIC-52 
is an interpreted 
language. 
This allows the user to develop 
a program 
interactively 
without 
the 
cumbersome 
and repetitive 
process of editing, assembling, 
loading, and running which is required by assemblers 
and compilers. 
MCS BASIC-52 
was designed 
to permit the programmer 
to develop 
resident high level language 
software 
using the high performance 
8052AH 
device. 


+ 5 VOLTS ------f 
Ita 
--------, 


LEVEL 
SHIFTERS 
I 
__M':~'::E~~...J 


MCS BASIC-52 
contains 
all standard 
BASIC 


commands, statements, and operators. Figure 1 list 
the software feature set of MCS BASIC-52. 


The range of numbers that can be represented in 
MCS BASIC-52 is: 


MCS BASIC-52 contains many unique features to 
perform task that usually require assembly language 
programming. The XBY and DBY operators can read 
and/or 
write 
external 
and 
internal 
memory 


respectively. The CBY operator is used to read 
program memory. Additionally, virtually all of the 
special function registers on the 8052AH can be 
accessed with MCS BASIC-52. This allows the user 
to set the timer or interrupt 
modes within 
the 


constructs of a BASIC program. An accurate interrupt 
driven REAL TIME CLOCK that has a 5 millisecond 
resolution is also implemented in MCS BASIC-52. 
This clock can be enabled, disabled, and used to 
generate interrupts. Finally, a CALL statement that 
allows the programmer to CALL assembly language 
routines is available in MCS BASIC-52. Parameters 
can be passed in a number of different ways. 


Most Basic interpreters allow only one program to be 
resident in memory, and many require that the 
program reside in RAM. MCS BASIC-52 allows 
programs to reside in both RAM and EPROMI 
E2PROM. Additionally, up to 255 programs may 
reside in EPROM/E2PROM. Programs may also be 
transfered (XFER) from EPROM/E2pROM to RAM 
for editing purposes. 


A powerful feature of MCS BASIC-52 is that it 
generates all of the timing necessary to program any 
standard EPROM or E2PROM device with the users' 
program (PROG/FPROG). Additionally, very little 
external hardware is required to implement this 
feature. Saving programs in EPROM/E2PROM is 
much more attractive 
and reliable 
than other 


alternatives, such as cassette tape, especially in 
control and/or 
other noisy environments. 


After the user programs an EPROM or E2PROM with 
the desired BASIC program. The PROG2 or FPROG2 
commands 
may be used to enable the unique 
AUTOSTART feature of MCS BASIC-52. 
When 
AUTOSTARTis enabled, MCS BASIC-52 will execute 
the user program 
after RESET or a power-up 
condition. This permits the user to RUN a program 
without connecting the MCS BASIC-52 device to a 
console 
- 
a powerful 
feature 
for 
control 


environments. 


Another unique feature of MCS BASIC-52 is that it 
contains a complete library of functions that can be 
accessed with assembly language. All floating point, 
radix conversion, and 1/0 routines contained in MCS 
BASIC-52 can be accessed with assembly language 
CALL instructions.These complex arithmetic routines 
can be used by the programmer in applications 
requiring the speed of assembly language, but also 
the complex arithmetics offered by BASIC. 


B052AH-BASIC 
PIN DESCRIPTION 


(FIGURE 
2) 


8052AH-BASIC is an 8052AH device, however, MCS 
BASIC-52 
assumes 
a particular 
hardware 
configuration. The following pin description outlines 
the pin functions defined by MCS BASIC-52. 


The multiplexed low-order address and data bus used 
during accesses to external memory. External pullup 
devices (- 
10K il) are required on these pins if the 


MCS BASIC-52 EPROM/E2PROM 
programming 


feature is used. 


The high order address bus used during accesses to 
external memory. 


inter 


Commands 
Statements 
Operators 


RUN 
BAUD 
ADD(+) 
LIST 
CALL 
DIVIDE 
(/) 


L1ST# 
CLEAR 
EXPONENTIATION 
(•• ) 


NEW 
CLEARS 
MULTIPLY 
(0) 


NULL 
CLEAR I 
SUBTRACT 
( - ) 
RAM 
CLOCKO 
LOGICAL 
AND (.AND.) 


ROM 
CLOCKl 
LOGICAL 
OR (.OR.) 


XFER 
DATA 
LOGICAL 
X-OR (XOR.) 


PROG 
READ 
LOGICAL 
NOT 


PROGl 
RESTORE 
ABS ( 
) 
PROG2 
DIM 
INT( 
) 
FPROG 
DO-WHILE 
SGN ( 
) 
FPROGl 
DO-UNTIL 
SORt 
) 
FPROG2 
END 
RND 
FOR-TO-STEP 
LOG ( 
) 
NEXT 
EXP ( 
) 
GOSUB 
SIN ( 
) 


RETURN 
COS( 
) 
; 


GOTO 
TAN ( 
) 


ON-GOTO 
ATN ( 
) 


ON-GOSUB 
=, >, >=, 
<, <=, <> 
IF-THEN-ELSE 
ASC ( 
) 
INPUT 
CHR( 
) 
LET 
CBY( 
) 
ONERR 
DBY ( 
) 
ONEXTl 
XBY ( 
) 


ONTIME 
GET 
PRINT 
IE 


PRINT# 
IP 
PHO. 
PORTl 


PHO.# 
PCON 
PH1. 
RCAP2 
PH1.# 
T2CON 


PUSH 
TCON 
POP 
TMOD 


PWM 
TIME 
REM 
TlMERO 


RETl 
TIMERl 


STOP 
TIMER2 


STRING 
TIME 
UIO 
XTAL 
Ull 
MTOP 


UOO 
LEN 
UOl 
FREE 
PI 


A 
general 
purpose 
quasi-bidirectional 
8-bit 
input! 
output 
port. The individual 
pins on PORT 
1 all have 


alternate 
functions 
which 
mayor 
may 
not 
be 


implemented 
by the user. The alternate 
functions 
are 


as follows: 


Can be used as the trigger input to TIMER/COUNTER 
2. A one (1) must be written 
to this port pin output 


latch in order for this function 
to operate. 
Details 
of 


T2/ 
Pl.0 


T2EX 
I Pl.l 


PWM 
OUTPUT 
I Pl.2 


ALE 
DISABLE 
/ Pl.3 


PROGRAM 
PULSE 
/ Pl.4 


PROGRAM 
ENABLE 
/ Pl.S 


DMA 
ACKNOWLEDGE 
/ Pl.6 


LINE 
PRINTER 
OUTPUT 
/ Pl.7 


RESET 


CONSOLE 
SERIAL 
INPUT 


CONSOLE 
SERIAL 
OUTPUT 


INTO / DMA 
REQUEST 


INT1 


TO 


T1 
WR 


RD 


XTAL2 


XTALl 
VSS 


VCC 
ADO 


ADl 


AD2 


AD3 


AD4 


ADS 


AD6 


AD7 


+5 
VOLTS 


ALE 


PSEN 


A1S 


A14 


A13 


A12 


All 


Al0 
A9 


A8 


the 
T2 
trigger 
function 
are 
covered 
in 
the 


Microcontrollers 
Handbook. 
Order 
Number 
210918- 


002. 


Can 
be 
used 
as the 
external 
input 
to TIMERI 


COUNTER 
2. A one (1) must be written 
to this port 


pin output 
latch in order for this function 
to operate. 


Details of the T2 trigger 
function 
are covered 
in the 


Microcontroller 
Users Manual. 


This pin is used as the PWM output 
port when the 


PWM statement 
is executed. 
PWM stands for Pulse 


Width Modulation 
and is used to generate 
pulses of 


varying 
duty cycle and frequency. 


This 
pin is used 
to disable 
the ALE 
signal 
to the 


external 
address 
latch when 
the EPROM/E2pROM 


programming 
feature 
is used. In a system, 
this pin is 


logically 
anded with ALE. 


When the EPROM/E2PROM 
programming 
feature is 


used, this pin provides the proper programming 
pulse 


width to program EPROM and INTElligent 
EPROM@> 


devices. 
MCS 
BASIC-52 
actually 
calculates 
the 


proper 
programming 
pulse 
width 
from 
the 
system 


crystal 
value 
(XTAL) to assure 
the proper 
timing 
of 


this pulse. When used to program 
E2PROM 
devices, 


the length of this pulse is not critical. This pin is active 
in the logical zero (0) state. 


When the EPROM/E2pROM programming feature 
is implemented, this pin is used to enable the 
EPROM programming 
voltage. This pin remains 


active (logically low (0)) during the entire EPROM 
programming process. On E2PROM devices that do 
not require any special programming voltage, this pin 
is not used. 


When the DMA feature is implemented as described 
in the MCSlI>BASIC-52 users manual, this pin func- 
tions as an active low DMA ACKNOWLEDGE output. 


This pin functions as a serial output port when the 
L1ST# or PRINT# command and/or statement is 
used. This enables the user to make a "hard copy" 
of a program or to print out results of a calculation. 


A high (2.5 volts) on this pin for two machine cycles 
while the oscillator is running resets the device. An 
external pulldown resistor (-8.2K) 
from RESET to 


VSS permits power-on reset when a capacitor (-10 
uf) is connected from this pin to VCC. 


ALE (address latch enable) is an output pin that is 
used to latch the low order address byte during Read, 
Write, or program fetch operations 
to external 


memory. 


This pin (Program Store ENable) is a control signal 
that is used to enable external program memory. In 
MCSlI>BASIC-52, this pin will always remain inactive 
(logically high (1)) unless the user is running an as- 
sembly language program in external memory. 


Input to the inverting 
amplifier 
that forms the 


oscillator. 


Output of the inverting amplifier that forms the oscil- 
lator, and input to the internal clock generator. Re- 
ceives the external oscillator signal when an external 
oscillator is used. 


A control signal that is used to enable READ opera- 
tions to external data memory. This pin is active low 
(0). 


WR 


A control signal that is used to enable WRITE oper- 
ations to extemal data memory. This pin is active low 
(0). 


This pin can be programmed to be an external input 
to TIMER/COUNTER 1. 


This pin can be programmed to be an external input 
to TIMER/COUNTER O. 


INT1 


This pin is the external interrupt 1 pin. It is active low 
and interrupts on this pin may be handled in either 
BASIC or in assembly language. 


This is the external interrupt 0 pin. It is active low and 
may be optionally programmed to function as a DMA 
request input pin. The DMA REQUEST pin is used 
by E2pROM devices during programming. 


This is the serial output pin to the console device. 
Standard ASCII codes are used as well as a standard 
asynchronous frame. 


This is the serial input pin that receives data from the 
console device. Standard ASCII codes are assumed 
to be the input and the data is assumed to be trans- 
mitted using a standard asynchronous frame. 


If pin 31 is grounded the 8052AH-BASIC will operate 
as a standard 8032AH. The tolerances on this pin 
are described under DC characteristics. 


For detailed information concerning this product 
please refer to the MCS BASIC-52 Users Manual 
(Order Number 210918-002). 


'NOTICE: 
Stresses 
above 
those listed 
under 


"Absolute 
Maximum 
Ratings" 
may 
cause 


permanent damage to the device. This is a stress 
rating only and functional operation of the device at 
these or any other conditions above those indicated 
in the operational sections of this specification is not 
implied. 
Exposure 
to absolute 
maximum rating 


conditions for extended periods may affect device 
reliability. 


Ambient 
Temperature 
Under Bias 
. . . 
O°C to 70°C 


Storage 
Temperature 
. . . . . . 
- 65°C to + 150°C 


Voltage 
on Any Pin With 


Respect 
to Ground 
(VSS) 
. . .. 
-0.5V 
to + 7V 


Power Dissipation 
. . . . . . . . . . . . . . . 2 Watts 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
- 
2.0 
VCC+ 
0.5 
V 


(Except 
RST and XTAL2) 


VIH1 
Input High Voltage 
to 
2.5 
VCC 
+ 0.5 
V 
XTAl,.1 to VSS 


RST for Reset, XTAL2 


VOL 
Output 
Low Voltage 
Port 1, A8-15, 
0.45 
V 
10L = 
1.6mA 


Control 
Functions 


VOL1 
Output 
Low Voltage 
ALE, PSEN 
0.45 
V 
10L = 3.2mA 


(Note 1) 


VOH 
Output 
High Voltage 
Port 1, A8-15, 
2.4 
V 
10H = 
-80J,tA 


Control 
Functions 


VOH1 
Output 
High Voltage 
ADO-7, 
ALE, PSEN 
2.4 
V 
10H = 
-400p.A 


ilL 
Logical 
0 Input Current 
Port 1, A8-15 
-800 
J,tA 
Vin = 0.45V 


Control 
Functions 


111,.2 
Logical 
0 Input Current 
XTAL2 
-2.5 
mA 
XTAL 1 at VSS, 


Vin=0.45V 


1L1 
Input Leakage 
Current 
To ADO-7 
EA 
±10 
p.A 
0.45V<Vin<VCC 


IIH1 
Input High Current 
to RSTNPD 
For 
500 
p.A 
Vin = VCC 
- 
1.5V 
Reset 


ICC 
Power Supply 
Current 
175 
mA 
All outputs 
disconnected 


CIO 
Capacitance 
of I/O Buffer 
10 
pF 
fc = 
1MHz, TA = 25°C 


inter 


Note 1: Vol is degraded 
when the S032AH/S052AH 
rapidly discharges 
external 
capacitance. 
This AC noise is most pronounced 
during 
emission 
of address 
data. When 
using external 
memory, 
locate the latch or buffer 
as close to the S032AH/S052AH 
as 
possible. 


VOL 
Emitting 
Degraded 
(peak) 


Datum 
Ports 
I/O Lines 
(max) 


Address 
A8-15, ADO-7 
P1, Control 
0.8V 


Functions 


Write Data 
ADO-7 
P1, Control 
0.8v 


Functions, ALE 


Variable 
Clock 
f = 3.5 MHz to 12 MHz 


Symbol 
Parameter 
Min 
Max 
Unit 


TClCl 
Oscillator Period 
83.3 
286 
ns 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


inter 


AC 
CHARACTERISTICS 
TA = O°C to 70°C, VCC= 
5V±10%, 
VSS 
= OV, CL for ADO-7, 
ALE and 


PSEN Outputs 
= 
100 pF, CL for all other outputs 
= 80 pF) 


PROGRAM 
MEMORY 
CHARACTERISTICS 


Variable 
Clock 
12 MHz Clock 
1ITCLCL 
= 3.5 MHz to.12 
MHz 


Symbol 
Parameter 
Mln 
Max 
Unit 
Min 
Max 
Unit 


TLHLL 
ALE Pulse Width 
127 
ns 
2TCLCL-40 
ns 


TAVLL 
Address 
Setup to ALE 
43 
ns 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE 
48 
ns 
TCLCL-35 
ns 


TLLlV 
ALE to Valid Instr In 
233 
ns 
4TCLCL-100 
ns 


TLLPL 
ALE To PSEN 
58 
ns 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
ns 
3TCLCL-35 
ns 


TPLIV 
PSEN To Valid Instr In 
125 
ns 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
ns 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
ns 
TCLCL-20 
ns 


TPXAV 
Address 
Valid After PSEN 
75 
ns 
TCLCL-8 
ns 


TAVIV 
Address 
To Valid Instr In 
302 
ns 
5TCLCL-115 
ns 


TAZPL 
Address 
Float To PSEN 
0 
ns 
0 
ns 


Variable 
Clock 
12 MHz Clock 
1ITCLCL 
= 3.5 MHz to 12 MHz 


Symbol 
Parameter 
Min 
Max 
Unit 
Min 
Max 
Unit 


TALAH 
AD Pulse Width 
400 
ns 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
400 
ns 
6TCLCL-100 
ns 


TLLAX 
Address 
Hold After ALE 
48 
ns 
TCLCL-35 


TALDV 
AD To Valid Data In 
250 
ns 
5TCLCL-165 
ns 


TAHDX 
Data Hold After AD 
0 
ns 
0 
ns 


TAHDZ 
Data Float After AD 
97 
ns 
2TCLCL-70 
ns 


TLLDV 
ALE To Valid Data In 
517 
ns 
8TCLCL-150 
ns 


TAVDV 
Address 
To Valid Data In 
585 
ns 
9TCLCL-165 
ns 


TLLWL 
ALE To WA or AD 
200 
300 
ns 
3TCLCL-50 
3TCLCL + 50 
ns 


TAVWL 
Address 
To SA or AD 
203 
ns 
4TCLCL-130 
ns 


TWHLH 
WA or AD High To ALE High 
43 
123 
ns 
TCLCL-40 
TCLCL 
+ 40 
ns 


TDVWX 
Data Valid To WA Transition 
23 
ns 
TCLCL-60 
ns 


TQVWH 
Data Setup 
Before WA 
433 
ns 
7TCLCL-150 
ns 


TWHQX 
Data Hold After WA 
33 
ns 
TCLCL-50 
ns 


TALAZ 
Address 
Float After AD 
0 
ns 
0 
ns 


2.0X= 
TEST 
POINTS 


0.8 


FLOAT 


2.4 


AC inputs 
during 
testing 
are driven 
at 2.4V for a logic "1" and 0.45V for a logic "0". Timing 
measurements 
are made at 2.0V 
for a logic "1" and 0.8V for a logic "0". 
For timing 
purposes, 
the float state is defined 
as the point at which an ADO-7 
pin sinks 
2.4mA 
or sources 
400I/A 
at the voltage 
test levels. 


I 


STATE 
4 


P1 I 
P2 


STATE 
5 


P1 I P2 


STATE 
6 


P1 I P2 


STATE 
1 


P1 I 
P2 


STATE 
2 


PI I P2 


STATE 
3 


P1 I P2 


STATE 
4 


P1 I P2 


STATE 
5 


P1 I P2 


________ 
.1 
I 
1 


~ 


THESE 
SIGNALS 
ARE 
NOT 


ACTIVATED 
DURING 
THE 


EXTERNAL 
PROGRAM 
MEMORY 
FETCH 
EXECUTION 
OF A MOVX 
INSTRUCTION 


__ 
--- 
1 
I ~ 
I 
L 


AS-1S 


READ 
CYCLE 


RD 


AS-15 


WRITE 
CYCLE 


WR 
____________ 
• 
PeL 
OUT (EVEN 
IF PROGRAM 


DATA OUT 
M_:.M 
•••::trFL 


PCL OUT (IF PROGRAM 


.- 
•• MEMORY 
IS EXTERNAL) 
I 


PORT 
OPERATION 


MOV PORT, 
SRC 


MOVDEST, 
P1 


(INCLUDES 
INTIl, 
INT1, TO, Tl) 
~ 


SERIAL 
PORT 
S-H-I-FT-C-LOC--K--..... 
PI, 
PIN SAMPLED 


~DE 
0) 
--------~-- 
RXD SAMPLED 


PI, 
:!fL- 


PIN SAMPLED 
I 


RXD SAMPLED ¥ 


This diagram 
indicates 
when 
signals 
are clocked 
internally. 
The time it takes the signals 
to propagate 
to the pins, however, 


ranges from 25 to 125 ns. This propagation 
delay is dependent 
on variables 
such as temperature 
and pin loading. 
Propagation 
also varies 
from output 
to output 
and component 
to component. 
Typically 
though, 
(TA = 25°C, fUlly loaded) 
RD and WR 
propagation 
delays are approximately 
50 ns. The other signals 
are typically 
85 ns. Propagation 
delays are incorporated 
in the 
AC specifiC/itions. 
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80C51 BH/80C51 BH-2 
CHMOS SINGtE 
COMPONENT 
8-BIT MICROCONTROLLER 
with Factory Mask-Programmable 
ROM 


80C31 BH/80C31 BH-2 
CHMOS SINGLE COMPONENT 
8-BIT CONTROL-ORIENTED 
CPU WITH RAM AND I/O 


SOC51 BH/SOC31 BH - 
3.5 to 12 MHz VCC = 5V ± 20% 
SOC51BH-2/S0C31BH-2 
- 
0.5 to 12 MHz VCC = 5V ± 20% 


• 
12S X S RAM 


• 
32 Programmable 
I/O Lines 


• 
Two 16-Blt Timer/Counters 


• 
64K Program 
Memory 
Space 


• 
Boolean 
Processor 
• 
5 Interrupt 
Sources 
• 
Programmable 
Serial Port 
• 
64K Data Memory 
Space 


The MCS~-51 
CHMOS 
products 
are fabricated 
on Intel's 
advanced 
CHMOS 
III process 
and are functionally 


compatible 
with the standard 
MCS-51 HMOS and EPROM products. 
CHMOS 
III is a technology 
which combines 


the high speed and density 
characteristics 
of HMOS with the low power attributes 
of CMOS. This combination 


expands 
the effectiveness 
of the powerful 
MCS-51 
architecture 
and instruction 
set. 


Like the MCS-51 
EPROM 
and HMOS, the MCS-51 
CHMOS 
products 
have the following 
features: 
4K of ROM 


(80C51 BH/80C51 BH-2 only); 128 bytes of RAM; 32 I/O lines; two 16-bit timer/counters; 
a five-source 
two-level 


interrupt 
structure; 
a full duplex 
serial port; and on-chip 
oscillator 
and clock circuitry. 
In addition, 
the MCS-51 


CHMOS 
products 
have two software 
selectable 
modes of reduced 
activity for further 
power 
reduction 
- 
Idle 


and Power 
Down. 


Idle mode freezes the CPU while allowing 
the RAM, timer/counters, 
serial port and interrupt system to continue 


functioning. 
Power Down mode saves the RAM contents 
but freezes the oscillator causing all other chip fUr:lctions 


to be inoperative. 


80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 
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Diagrams 
are IOf pin reference only 
Pad 


Package sizes are not 10 scale 


Figure 
2. 
Configurations 


Figure 
3 shows 
the internal 
Idle and Power 
Down 


clock 
configuration. 
As illustrated, 
Power 
Down 
operation 
freezes the oscillator. 
Idle mode operation 
allows the interrupt. 
serial port, and timer blocks to 


continue 
to function 
while 
the clock 
to the CPU is 
halted. 


~~ 
XTAL2 
XTAL1 


INTERRUPT. 
SERIAL PORT. 
TIMER BLOCKS 


These special 
modes 
are activated 
by software 
via 


the Special 
Function 
Register, 
PCON. 
Its hardware 


address is 87H. PCON is not bit addressable. 


(MSB) 


ISMODI 


(LSB) 


GF1 
GFO 
PD 
I 
IDL 
I 


Symbol 
Position 
Name and 
Function 


SMOD 
PCON.? 
Double Baud rate bit. When set to a 1, 
the baud rate is doubled when the serial 
port is being used in either modes 
1, 2 


or 3. 


PCON.6 
(Reserved) 
PCON.S 
(Reserved) 
PCON.4 
(Reserved) 
GF1 
PCON.3 
General-purpose 
flag bit. 


GFO 
PCON.2 
General-purpose 
flag bit. 


PD 
PCON.1 
Power 
Down 
bit. 
Setting 
this 
bit 


activates 
power down operation. 


IDL 
PCON.O 
Idle mode bit. Setting 
this bit activates 


idle mode operation. 


If 1's are written to PO and IDL at the same time, PO 
takes 
precedence. 
The 
reset 
value 
of 
PCON 
is 


(OXXXOOOO). 


inter 


80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 


The instruction that sets PCON.O is the last instruction 
executed 
in the normal 
operating 
mode before 
Idle 


mode is activated. 
Once in the Idle mode, the CPU 


status is preserved 
in its entirety: the Stack Pointer, 
Program 
Counter, 
Program 
Status 
Word, 
Accumu- 


lator, RAM, and all other registers maintain their data 
during 
Idle. Table 
1 describes 
the status of the ex- 
ternal pins during Idle mode. 


There 
are two 
ways 
to terminate 
the 
Idle mode. 
Activation of any enabled interrupt will cause PCON.O 
to be cleared 
by hardware, 
terminating 
Idle mode. 


The interrupt is serviced, and following RETI, the next 
instruction 
to be executed 
will be the one following 
the instruction 
that wrote a 1 to PCON.O. 


The flag bits GFO and GF1 may be used to determine 
whether 
the 
interrupt 
was 
received 
during 
normal 


execution 
or during the Idle mode. For example, 
the 


instruction that writes to PCON.O can also set or clear 
one or both flag bits. When Idle mode is terminated 
by an 
enabled 
interrupt, 
the 
service 
routine 
can 


examine the status of the flag bits. 


The second way of terminating 
the Idle mode is with 


a hardware 
reset. Since the oscillator 
is still running, 
the hardware 
reset 
needs 
to be active 
for only 
2 


machine cycles (24 oscillator periods) to complete the 
reset operation. 


The instruction that sets PCON.1 is the last executed 
prior to going into power down. Once in power down, 
the oscillator 
is stopped. Only the contents of the on- 


chip RAM is preserved. 
The Special 
Function 
Reg- 


isters are not saved. A hardware reset is the only way 
of exiting the power down mode. 


In the Power 
Down mode, VCC may be lowered 
to 


minimize 
circuit 
power 
consumption. 
Care must be 


taken to ensure the voltage 
is not reduced 
until the 


power down mode is entered, and that the voltage is 
restored 
before the hardware 
reset is applied which 


frees the oscillator. Reset should not be released until 
the oscillator 
has restarted 
and stabilized. 


Table 1 describes the status of the external pins while 
in the power down mode. 
It should 
be noted that if 


the power down mode is activated 
while in external 


program 
memory, 
the port data that is held in the 
Special Function Register 
P2 is restored to Port 2. If 


the data is a 1, the port pin is held high during the 
power down mode by the strong pullup, 
p1, shown 


in figure 4. 


The 1/0 port drive of the 80C51BH 
is similar to the 
8051. The 1/0 buffers for Ports 
1, 2, and 3 are im- 


plemented 
as shown in figure 4. 


When the port latch contains 
a 0, all pFETS in figure 


4 are off while the nFET is turned on. When the port 
latch makes a 0-to-1 transition, 
the nFET tums off. 


The strong pullup pFET, p1, turns on for two oscillator 
periods, 
pulling the output 
high very rapidly. As the 


output line is drawn high, pFET p3 turns on through 
the inverter 
to supply 
the 10H source 
current. 
This 


inverter and p3 form a latch which holds the 1 and is 
supported 
by p2. 


When Port 2 is used as an address 
port, for access 


to external program of data memory, 
any address bit 


that contains 
a 1 will have its strong pullup turned on 


for the entire duration of the external memory access. 


When an 1/0 pin on Ports 
1, 2, or 3 is used as an 
input, the user should be aware that the external cir- 
cuit must sink current during the logical 
1-to-0 tran- 


sition. The maximum 
sink current is specified 
as ITL 


under the D.C. Specifications. 
When the input goes 


below 
approximately 
2V, p3 turns 
off to save 
ICC 


current. Note, when returning to a logical 1, p2 is the 
only internal pullup that is on. This will result in a slow 
rise time if the user's circuit does not force the input 


Mode 
Program 
Memory 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 


Idle 
Internal 
1 
1 
Port Data 
Port Data 
Port Data 
Port Data 


Idle 
External 
1 
1 
Floating 
Port Data 
Address 
Port Data 


Power 
Down 
Internal 
0 
0 
Port Data 
Port Data 
Port Data 
Port Data 


Power 
Down 
External 
0 
0 
Floating 
Port Data 
Port Data 
Port Data 


inter 


8OC51 BH/80C51 
BH-2 
80C31 BH/80C31 
BH-2 


Q 
FROM PORT 
LATCH 


line high. For additional information, 
refer to the chap- 


ter entitled 
"Design 
Considerations 
When 
Using 


CHMOS" 
in the 1984 Intel Microcontroller 
Handbook. 


PIN DESCRIPTIONS 


VCC 


Supply voltage during normal, Idle, and Power Down 
operations. 


Port 0 is an 8-bit open drain bi-directional 
I/O port. 


Port 0 pins that have 1's written to them float, and in 
that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups when emitting 
1'so Port 0 also outputs the 


code 
bytes 
during 
program 
verification 
in the 


80C51 BH. External 
pullups are required 
during pro- 


gram verification. 


Port 1 is an 8-bit bi-directional 
I/O port with internal 


pullups. 
Port 1 pins that have 1's written to them are 


pulled high by the internal 
pullups, 
and in that state 


can be used as inputs. As inputs, Port 1 pins that are 
externally being pulled low will source current (ilL, on 
the data sheet) because 
of the internal pullups. 


Port 1 also receives the low-order address bytes duro' 
ing program 
verification. 


Port 2 is an 8-bit bi-directional 
I/O port with internal 


pullups. 
Port 2 pins that have 1's written to them are 


pulled high by the internal 
pullups, 
and in that state 


can be used as inputs. As inputs, Port 2 pins that are 
externally being pulled low will source current (ilL, on 
the data sheet) because 
of the internal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from external 
Program 
Memory 
and during 


accesses 
to external 
Data Memory 
that use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong internal pullups when emitting 1'so During 
accesses to external Data Memory that use 8-bit ad- 
dresses 
(MOVX 
@Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Port 3 is an 8-bit bi-directional 
I/O port with internal 


pullups. 
Port 3 pins that have 1's written to them are 


pulled high by the internal 
pullups, 
and in that state 


can be used as inputs. As inputs, Port 3 pins that are 
externally 
being pulled low will source current (ilL, on 


the data sheet) because 
of the pullups. 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 


P3.2 
INTO (external 
interrupt 
0) 


P3.3 
INT1 (external 
interrupt 
1) 


P3.4 
TO (Timer 0 external 
Input) 


P3.5 
T1 (Timer 
1 external 
input) 


P3.6 
WR (external 
data memory 
write 
strobe) 


P3.7 
RD (external 
data memory 
read 
strobe) 


Reset input. A high on this pin for two machine cycles 
while the oscillator 
is running 
resets the device. 
An 


internal 
diffused 
resistor 
to VSS permits 
Power-On 


reset using only an external capacitor 
to VCC. 


Address 
Latch Enable output 
pulse for latching 
the 


low byte of the address during accesses 
to external 


memory. 


In normal operation 
ALE is emitted at a constant rate 
of '!6 the oscillator 
frequency, 
and may be used for 
external timing or clocking purposes. 
Note, however, 
that one ALE pulse is skipped during each access to 
external 
Data Memory. 


Program Store Enable is the read strobe to external 
Program Memory. 


When the 80C51 BH is executing 
code from external 


Program Memory, 
PSEN is activated twice each ma- 
chine cycle, 
except 
that two 
PSEN 
activations 
are 
skipped during each access to external Data Memory. 


EA 


External Access enable. 
EA must be externally 
held 
low in order to enable the device to fetch code from 
external 
Program 
Memory 
locations 
OOOOH to 
OFFFH. 


Input to the inverting 
oscillator 
amplifier 
and input to 
the internal clock generator 
circuits. 


XTAL 1 and XTAL2 are the input and output respec- 
tively, of an inverting amplifier which is configured 
for 
use as an on-chip 
oscillator, 
as shown 
in Figure 5. 


Either a quartz crystal 
or ceramic 
resonator 
may be 
used. More detailed 
information 
concerning 
the use 
of the on-chip 
oscillator 
is available 
in Application 


Note AP-155, 
"Oscillators 
for Microcontrollers." 


To drive the device 
from an external 
clock source, 


XTAL 1 should 
be driven while XTAL2 is left uncon- 
nected as shown 
in figure 6. There 
are no require- 
ments on the duty cycle of the external clock signal, 
since 
the input 
to the internal 
clocking 
circuitry 
is 
through 
a divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times specified 
on the Data 
Sheet must be observed. 


XTAL2 
NC 
Ii D 


XTAL2 


EXTERNAL 


XTALl 
OSCILLATOR 
XTAL1 


SIGNAL 
}- 


VSS 


vss 
1 
- 
-=- 


inter 


80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 


"NOTICE: 
Stresses 
above 
those listed 
under 
"Ab- 


solute 
Maximum 
Ratings" 
may cause permanent 


damage 
to the device. 
This is a stress rating 
only 


and functional operation 
of the device at these or any 


other conditions 
above 
those indicated 
in the oper- 


ational sections 
of this specification 
is not implied. 


Exposure 
to absolute 
maximum 
rating conditions 
for 


extended 
periods 
may affect device 
reliability. 


Ambient Temperature 
Under Bias . . . O°C to 70°C 


Storage Temperature 
. . . . . . 
- 65°C to + 150°C 


Voltage on Any Pin to VSS 
- 0.5V to VCC + 1V 


Voltage on VCC to VSS' 
-0.5V 
to + 7V 


Power Dissipation 
. . . . . . . . . . . . . . . . 
1.0W 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2VCC-·1 
V 


VIH 
Input High Voltage 
0.2VCC+·9 
VCC+0.5 
V 


(Except XTAL 1, RST) 


VIH1 
Input High Voltage to 
0.7VCC 
VCC+0.5 
V 


XTAL1, RST 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 
1.6 mA 


(Ports 1, 2, 3) 


VOU 
Output 
Low Voltage 
0.45 
V 
IOL = 3.2 mA (Note 1) 
(Port 0, ALE, PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH= 
-80JLA 
VCC=5V±10% 
(Ports 
1, 2, 3) 


O.75VCC 
V 
IOH= -30!LA 


0.9VCC 
V 
IOH= -10!LA 


VOH1 
Output High Voltage 
2.4 
V 
IOH= 
-4oo!LA 
VCC=5V± 
10% 
(Port 0 in External Bus 
0.75VCC 
V 
IOH = - 150JLA 
Mode, ALE, PSEN) 


0.9VCC 
V 
IOH= -40!LA (Note 2) 


IlL 
Logical 0 Input Current 
-50 
!LA 
Vin = 0.45V 


(Ports 1, 2, 3) 


ITL 
Logical 
1 to 0 transition 
-500 
!LA 
Vin = 2.0V 


Current 
(Ports 1, 2, 3) 


III 
Input Leakage 
Current 
±10 
JLA 
0.45 < Vin < VCC 


(Port 0, EA) 


RRST 
RST Pulldown 
Resistor 
40 
125 
Kohm 


CIO 
Pin Capacitance 
10 
pF 
test Ireq 
= 1 MHz, TA = 25°C 


IpD 
Power Down Current 
50 
JLA 
VCC 
= 2 to 6V (Note 3) 


Maximum 
Operating 
ICC (mA) (note 4) 
Maximum 
Idle ICC (mA) (note 5) 


Vcc 
4V 
5V 
6V 
Vcc 
4V 
5V 
6V 


Freq. 
Freq. 


0.5 MHz 
1.6 
2.2 
3 
0.5 MHz 
0.6 
0.9 
1.2 


3.5 MHz 
4.3 
5.7 
7.5 
3.5 MHz 
1.1 
1.6 
2.2 
8 MHz 
8.3 
11 
14 
8 MHz 
1.8 
2.7 
3.7 
12 MHz 
12 
16 
20 
12 MHz 
2.5 
3.7 
5 


80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH·2 


Note 
1: Capacitive 
loading 
on Ports 0 and 2 may cause spurious 
noise pulses to be superimposed 
on the VOLs of ALE, and 


Ports 
1 and 3. The noise is due to the external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these pins make a 1-to-0 transition 
during bus operations. 
In the worst case (capacitive 
loading> 
100 pF), the noise 


pulse on ALE line may exceed 
0.8V. In such cases it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use 
an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


Note 
2: 
Capacitive 
loading 
on Ports 0 and 2 may cause 
the VOH on ALE and PSEN to momentarily 
fall below the .9VCC 


specification 
when the address 
bits are stabilizing. 


Note 
4: 
ICC is measured 
with all output 
pins disconnected; 
XTAL1 
driven 
with TCLCH, 
TCHCL 
= 
10 ns, ViI=VSS+·5v, 


Vih=VCC-.5v; 
XTAL2 
N.C.; EA=RST=PORTO=VCC· 


Note 5: 
Idle ICC is measured 
with all output 
pins disconnected; 
XTAL 1 driven with TCLCH, 
TCHCL 
= 
10 ns, Vii = VSS + .5v, 


Vih=VCC-.5v; 
XTAL2 
N.C.; EA=PORTO=VCC; 
RST=VSS· 


A.C. CHARACTERISTICS 
(TA = O°C to 70°C; VSS = OV; VCC = 5V ± 20%; 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, Load Capacitance 
for 


All Other Outputs 
= 80 pF) 


Symbol' 
Parameter 
Mln 
Max 
Units 


1fTCLCL 
Oscillator 
Freq (80C51 BH) 
3.5 
12 
MHz 


Oscillator 
Freq (80C51 BH-2) 
0.5 
12 
MHz 


TLHLL 
ALE Pulse Width 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
4TCLCL-150 
ns 


TLLPL 
ALE Low to PSEN Low 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
3TCLCL-150 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
5TCLCL-150 
ns 


TPLAZ 
PSEN Low to Address 
Float 
0 
ns 


TRLRH 
RD Pulse Width 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
ns 


TRHDZ 
Data Float After RD 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
8TCLCL-150 
ns 


TPXIZI-- 


TPXIX- 
- 


_~~A8_A_15 
~X~_A8-A15_ 


inter 


80C51 BH/80C51 
BH·2 
80C31 BH/80C31 
BH-2 


Symbol 
Parameter 
Mln 
Max 
Units 


TAVDV 
Address 
to Valid Data In 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
TCLCL-60 
ns 


TQVWH 
Data Valid to WR High 
7TCLCL-150 
ns 


TWHQX 
Data Held After WR 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
ns 


TWHLH 
RD or WR High to ALE High 
TCLCL-40 
TCLCL+50 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


1fTCLCL 
Oscillator 
Freq (80C51 BH) 
3.5 
12 
MHz 


Oscillator 
Freq (80C51 BH-2) 
0.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


EXTERNAL 
OSCILLATOR 
SIGNAL 


NC 
XTAL 2 


EXTERNAL 
OSCILLATOR 
XTAL 1 


SIGNAL 


VSS 


-= 


inter 


80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 


~::~--- 


I-TLLWL-I 


SERIAL PORT TIMING - 
SHIFT REGISTER 
MODE 


A.C. CHARACTERISTICS: 
(TA = O°C to 70°C; VSS = OV; VCC = 5V 
::t 20%; 


Load Capacitance 
= 80 pF) 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Cycle Time 
12TCLCL 
J.LS 


TQVXH 
Output 
Data Setup to Clock Rising Edge 
1OTCLCL - 133 
ns 


TXHQX 
Output 
Data Hold After Clock Rising Edge 
2TCLCL-117 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
1OTCLCL - 133 
ns 


1-'0""-11-"'- 
---~\-~ 
-_-_-_-~X~_~X 
X 
X 
X 
X 
X 
/ 


","o,~ j 1-""0' 
.1 


inter 


80C51 BH/80C51 
BH-2 
80C31 BH/80C31 
BH-2 
£(Q)IYl£~~~ 
OIl8l?@[glIr)J£lfO@[AI] 


Table 2. MCS~-51 Instruction 
Set Description 


ARITHMETIC 
OPERATIONS 
LOGICAL 
OPERATIONS 
(CONTINUED) 


Mnemonic 
Description 
Byte Cyc 
Mnemonic 
Destination 
Byte Cyc 


ADD 
A,Rn 
Add register to 
ORL 
A,@Ri 
OR indirect 
RAM to 
Accumulator 
Accumulator 
ADD 
A,direct 
Add direct byte to 
ORL 
A,#data 
OR immediate 
data to 
Accumulator 
2 
Accumulator 
2 


ADD 
A.@Ri 
Add indirect 
RAM to 
ORL 
direct,A 
OR Accumulator 
to 
Accumulator 
direct byte 
2 
ADD 
A.#data 
Add immediate 
data to 
ORL 
direct.#data 
OR immediate 
data to 
Accumulator 
2 
direct byte 
3 
2 
AD DC 
A,Rn 
Add register to 
XRL 
A,Rn 
Exclusive-OR 
register to 
Accumulator 
with Carry 
Accumulator 
ADDC 
A,direct 
Add direct byte to A 
XRL 
A,direct 
Exclusive-OR 
direct 
with Carry flag 
2 
byte to Accumulator 
2 
ADDC 
A,@Ri 
Add indirect 
RAM to A 
XRL 
A,@Ri 
Exclusive-OR 
indirect 
with Carry flag 
RAMtoA 
ADDC 
A,#data 
Add immediate 
data to 
XRL 
A,#data 
Exclusive-OR 
A with Carry flag 
2 
immediate 
data to A 
2 
SUBB 
A,Rn 
Subtract 
register from A 
XRL 
direct,A 
Exclusive-OR 
Accumu- 
with Borrow 
lator to direct byte 
2 
SUBB 
A,direct 
Subtract direct byte 
XRL 
direct,#data 
Exclusive-OR 
im- 
from A with Borrow 
2 
mediate data to direct 
3 
2 
SUBB 
A,@Ri 
Subtract 
indirect 
RAM 
CLR 
A 
Clear Accumulator 
1 
1 
from A with Borrow 
CPL 
A 
Complement 
SUBB 
A,#data 
Subtract 
immed data 
Accumulator 
from A with Borrow 
2 
1 
RL 
A 
Rotate Accumulator 
Left 
INC 
A 
Increment 
Accumulator 
1 
1 
RLC 
A 
Rotate A Left through 
INC 
Rn 
Increment 
register 
1 
1 
the Carry flag 
INC 
direct 
Increment 
direct byte 
2 
1 
RR 
A 
Rotate Accumulator 
INC 
@Ri 
Increment 
indirect 
RAM 
1 
1 
Right 
INC 
DPTR 
Increment 
Data Pointer 
1 
2 
RRC 
A 
Rotate A Right through 
DEC 
A 
Decrement Accumulator 
1 
1 
Carry flag 
DEC 
Rn 
Decrement 
register 
1 
1 
SWAP 
A 
Swap nibbles within the 
DEC 
direct 
Decrement 
direct byte 
2 
1 
Accumulator 
DEC 
@Ri 
Decrement 
indirect 
RAM 
1 
DATA TRANSFER 


MUL 
AB 
Multiply 
A & B 
4 
Mnemonic 
Description 
Byte Cyc 
DIV 
AB 
Divide A by B 
4 
MOV 
A,Rn 
Move register to 
DA 
A 
Decimal Adjust 
Accumulator 
Accumulator 
MOV 
A,direct 
Move direct byte to 


LOGICAL 
OPERATIONS 
Accumulator 
2 


MOV 
A,@Ri 
Move indirect 
RAM to 
Mnemonic 
Destination 
Byte Cyc 
Accumulator 
ANL 
A,Rn 
AND register to 
MOV 
A,#data 
Mov immediate 
data to 
Accumulator 
Accumulator 
2 
ANL 
A,direct 
AND direct byte to 
MOV 
Rn,A 
Move Accumulator 
to 
Accumulator 
2 
register 
ANL 
A.@Ri 
AND Indirect RAM to 
MOV 
Rn,direct 
Move direct byte to 
Accumulator 
register 
2 
2 
ANL 
A,#data 
AND immediate 
data to 
MOV 
Rn,#data 
Move immediate 
data to 
Accumulator 
2 
register 
2 
ANL 
direct,A 
AND Accumulator 
to 
MOV 
direct,A 
Move Accumulator 
to 
direct byte 
2 
direct byte 
2 
ANL 
direct,#data 
AND immediate 
data to 
MOV 
direct,Rn 
Move register to direct 
direct byte 
3 
2 
byte 
2 
2 
ORL 
A.Rn 
OR register to 
MOV 
direct,direct 
Move direct byte to 
Accumulator 
direct 
3 
2 
ORL 
A,direct 
OR direct byte to 
MOV 
direct,@Ri 
Move indirect 
RAM to 
Accumulator 
2 
direct byte 
2 
2 


inter 
80C51 BH/80C51 
BH·2 


80C31 BH/80C31 
BH·2 


Table 2. MCS~-51Instruction 
set Description 
(Continued) 


DATA TRANSFER 
(CONTINUED) 
PROGRAM 
AND MACHINE 
CONTROL 


Mnemonic 
Descrlpllon 
Byte Cyc 
Mnemonic 
Description 
Byte Cyc 
MOV 
direct,#data 
Move immediate data tb 
ACALL 
addr11 
Absolute 
Subroutine 
direct byte 
3 
2 
Call 
2 
2 
MOV 
@Ri,A 
Move Accumulator 
to 
LCALL 
addr16 
Long Subroutine 
Call 
3 
2 


indirect RAM 
RET 
Return from subroutine 
1 
2 


MOV 
@Ri,direct 
Move direct byte to 
RETI 
Return from interrupt 
1 
2 


indirect RAM 
2 
2 
AJMP 
addr11 
Absolute 
Jump 
2 
2 


MOV 
@Ri,#data 
Move immediate data to 
LJMP 
addr16 
Long Jump 
3 
2 


indirect RAM 
2 
SJMP 
rei 
Short Jump (relative 
MOV 
DPTR,#data16 Load Data Pointer with 
addr) 
2 
2 


a 16-bit constant 
3 
2 
JMP 
@A+DPTR 
Jump indirect 
relative to 
MOVC 
A,@A+DPTR 
Move Code byte relative 
the DPTR 
2 


to DPTR to A 
2 
JZ 
rei 
Jump if Accumulator 
is 
MOVC 
A,@A+PC 
Move Code byte relative 
Zero 
2 
2 
to PC toA 
2 
JNZ 
rei 
Jump if Accumulator 
is 
MOVX 
A,@Ri 
Move External RAM (8- 
Not Zero 
2 
2 


bit addr) to A 
2 
JC 
rei 
Jump If Carry flag is set 
"2 
2 


MOVX 
A,@DPTR 
Move External RAM (16- 
JNC 
rei 
Jump if No Carry flag 
2 
2 


bit addr) to A 
2 
JB 
bit,rel 
Jump if direct Bit set 
3 
2 


MOVX 
@Ri,A 
Move A to External RAM 
JNB 
bit, rei 
Jump if direct Bit Not 
(8-bit addr) 
2 
set 
3 
2 


MOVX 
@DPTR,A 
Move A to External RAM 
JBC 
bit, rei 
Jump if direct Bit is set 
(16-bit addr) 
2 
&Clearbit 
3 
2 


PUSH 
direct 
Push direct byte onto 
CJNE 
A,direct,rel 
Compare 
direct to A & 
stack 
2 
2 
Jump if Not Equal 
3 
2 
POP 
direct 
Pop direct byte from 
CJNE 
A,#data,rel 
Comp, immed, to A & 
stack 
2 
2 
Jump if Not Equal 
3 
2 
XCH 
A,Rn 
Exchange register with 
CJNE 
Rn,#data,rel 
Comp, immed, to reg & 
Accumulator 
Jump if Not Equal 
3 
2 


XCH 
A,direct 
Exchange direct byte 
CJNE 
@Ri,#data,rel 
Comp, immed, to ind, & 
with Accumulator 
2 
Jump if Not Equal 
3 
2 


XCH 
A,@Ri 
Exchange indirect RAM 
DJNZ 
Rn,rel 
Decrement 
register & 
with A 
Jump if Not Zero 
2 
2 


XCHD 
A,@Ri 
Exchange low-order 
DJNZ 
direct, rei 
Decrement 
direct & 
Digit ind RAM w A 
Jump if Not Zero 
3 
2 
NOP 
No operation 
1 
1 


BOOLEAN 
VARIABLE 
MANIPULATION 


Mnemonic 
Descrlpllon 
Byte Cyc 
CLR 
C 
Clear Carry flag 
1 
1 
CLR 
bit 
Clear direct bit 
2 
1 
SETB 
C 
Set Carry flag 
1 
1 
SETB 
bit 
Set direct Bit 
2 
1 
CPL 
C 
Complement 
Carry flag 
1 
1 
CPL 
bit 
Complement 
direct bit 
2 
1 
ANL 
C,bit 
AND direct bit to Carry 
flag 
2 
2 
ANL 
C,Ibit 
AND complement 
of 
direct bit to Carry 
2 
2 
ORL 
C/bit 
OR direct bit to Carry 
flag 
2 
2 
ORL 
C,Ibit 
OR complement 
of 
direct bit to Carry 
2 
2 
MOV 
C,Ibit 
Move direct bit to Carry 
flag 
2 
MOV 
bit,C 
Move Carry flag to 
direct bit 
2 
2 


Notes on data addressing 
modes: 
Rn 
-Working 
register RD-R7 
direct 
-128 
internal RAM locations, 
any I/O port, 


control 
or status register 
@Ri 
-Indirect 
internal 
RAM location 
addressed 
by 
register RD or R1 
#data 
-8-bit 
constant 
included 
in instruction 
#data16 
-16-bit 
constant 
included 
as bytes 2 & 3 of 
instruction 
bit 
-128 
software 
flags, any I/O pin, control 
or 
status bit 
Notes on program 
addressing 
modes: 
addr16 
-Destination 
address for LCALL & LJMP may 
be anywhere 
within the 64-K program 
memory address space 
Addr11 
-Destination 
address for ACALL & AJMP will be 
within the same 2-K page of program 
memory as the first byte of the following 
instruction 
rei 
-SJMP 
and all conditional 
jumps include an 8- 
bit offset byte, Range is +127-128 bytes relative 
to 
first 
byte 
of 
the 
following 
instruction 


All mnemonics 
copyrighted 
@ Intel Corporation 
1979 


-- 


Hex 
Number 
Mnemonic 
Operands 
Code 
oleyles 


00 
1 
NOP 


01 
2 
AJMP 
code addr 
02 
3 
LJMP 
code addr 


03 
1 
RR 
A 


04 
1 
INC 
A 
, 


05 
2 
INC 
dala addr 


06 
1 
INC 
@RO 


07 
1 
INC 
@R1 


08 
1 
INC 
RO 


09 
1 
INC 
R1 


OA 
1 
INC 
R2 


08 
1 
INC 
R3 


OC 
1 
INC 
R4 


00 
1 
INC 
R5 


OE 
1 
INC 
R6 


OF 
1 
INC 
R7 


10 
3 
J8C 
' bit addr, code addr 


11 
2 
ACALL 
code addr 


12 
3 
LCALL 
code addr 


13 
1 
RRC 
A 


14 
1 
DEC 
A 


15 
2 
DEC 
data acidr 


16 
1 
DEC 
@RO 
17 
1 
DEC 
@R1 


18 
1 
CEC 
RO 


19 
1 
DEC 
R1 


1A 
1 
DEC 
R2 


18 
1 
DEC 
R3 


1C 
1 
DEC 
R4 


10 
1 
DEC 
R5 


1E 
1 
DEC 
R6 


1F 
1 
DEC 
R7 


20 
3 
J8 
bil addr, code addr 


21 
2 
AJMP 
code addr 


22 
1 
RET 


23 
1 
RL 
A 


24 
2 
ADD 
A,#data 


25 
2 
ADD 
A,dala 
addr 


26 
1 
ADD 
A,@RO 


27 
1 
ADD 
A,@R1 


28 
1 
ADD 
A,RO 


29 
1 
ADD 
A,R1 


2A 
1 
ADD 
A,R2 


28 
1 
ADD 
A,R3 


2C 
1 
ADD 
A,R4 


20 
1 
ADD 
A,R5 


2E 
1 
ADD 
A,R6 


2F 
1 
ADD 
A,R7 


30 
3 
JN8 
bit addr, code addr 


31 
2 
ACALL 
code addr 


32 
1 
RETI 


- 
-- --- --- 


Hex 
Number 
Mnemonic 
Operands 


Code 
01 Byles 


33 
1 
RLC 
A 
34 
2 
ADDC 
A,#data 


35 
2 
ADDC 
A,data 
addr 


36 
1 
ADDC 
A,@RO 


37 
1 
ADDC 
A,@R1 


38 
1 
ADDC 
A,RO 


39 
1 
ADDC 
A,R1 
3A 
1 
ADOC 
A,R2 


38 
1 
AOOC 
A,R3 


3C 
1 
AOOC 
A,R4 


3D 
1 
AOOC 
A,R5 
3E 
1 
AOOC 
A,R6 


3F 
1 
ADDC 
A,R7 


40 
2 
JC 
code addr 


41 
2 
AJMP 
codeaddr 


42 
2 
ORL 
data addr,A 


43 
3 
ORL 
data addr,#data 


44 
2 
ORL 
A,#data 


45 
2 
ORL 
A,data 
addr 


46 
1 
ORL 
A,@RO 


47 
1 
ORL 
A,@R1 


48 
1 
ORL 
A,RO 


49 
1 
ORL 
A,R1 
4A 
1 
ORL 
A,R2 


48 
1 
ORL 
A,R3 


4C 
1 
ORL 
A,R4 


40 
1 
ORL 
A,R5 
4E 
1 
ORL 
A,R6 


4F 
1 
ORL 
A,R7 


50 
2 
JNC 
code addr 


51 
2 
ACALL 
code addr 


52 
2 
ANL 
data addr,A 


53 
3 
ANL 
data addr,#data 


54 
2 
ANL 
A,#data 


55 
2 
ANL 
A,data 
addr 


56 
1 
ANL 
A,@RO 


57 
1 
ANL 
A@R1 


58 
1 
ANL 
A,RO 
59 
1 
ANL 
A,R1 


5A 
1 
ANL 
A,R2 


58 
1 
ANL 
A,R3 


5C 
1 
ANL 
A,R4 


50 
1 
ANL 
A,R5 


5E 
1 
ANL 
A,R6 


5F 
1 
ANL 
A,R7 


60 
2 
JZ 
code addr 


61 
2 
AJMP 
code addr 


62 
2 
XRL 
data addr.A 


63 
3 
XRL 
data addr,#data 


64 
2 
XRL 
A,#data 


65 
2 
XRL 
A,data 
addr 


80C51 BH/80C51 
BH·2. 


80C31 BH/80C31 
BH·2 


Hell 
Number 
Mnemonic 
Operands 


Code 
01 Bytes 


66 
1 
XAL 
A,@AO 


67 
1 
XAL 
A,@A1 
68 
1 
XAL 
A,AO 


69 
1 
XAL 
A,A1 
6A 
1 
XAL 
A,A2 
6S 
1 
XAL 
A,A3 


6C 
1 
XAL 
A,A4 
60 
1 
XAL 
A,A~ 
6E 
1 
XAL 
A,A6 
6F 
1 
XAL 
A,A7 
70 
2 
JNZ 
code addr 
71 
2 
ACALL 
code addr 
72 
2 
OAL 
C,bit addr 
73 
1 
JMP 
@A+OPTA 
74 
2 
MOV 
A,#data 


75 
3 
MOV 
data addr,#data 


76 
2 
MOV 
@AO,#data 
77 
2 
MOV 
@A1,#data 


78 
2 
MOV 
AO,#data 


79 
2 
MOV 
A1,#data 


7A 
2 
MOV 
A2,#data 
7S 
2 
MOV 
A3,#data 


7C 
2 
MOV 
A4,#data 


70 
2 
MOV 
A5,#data 


7E 
2 
MOV 
A6,#data 


7F 
2 
MOV 
A7,#data 
80 
2 
SJMP 
code addr 


81 
2 
AJMP 
code addr 
82 
2 
ANL 
C,bit addr 
83 
1 
MOVC 
A,@A+PC 


84 
1 
OIV 
AS 


85 
3 
MOV 
data addr, data addr 
86 
2 
MOV 
data addr,@AO 
87 
2 
MOV 
data addr,@A1 
88 
2 
MOV 
data addr,AO 
89 
2 
MOV 
data addr,A1 
8A 
2 
MOV 
data addr,R2 
8S 
2 
MOV 
data addr,R3 
8C 
2 
MOV 
data addr,R4 
80 
2 
MOV 
data addr,R5 
8E 
2 
MOV 
data addr,R6 
8F 
2 
MOV 
data addr,R7 
90 
3 
MOV 
OPTR,#data 
91 
2 
ACALL 
code addr 
92 
2 
MOV 
bit addr,C 


93 
1 
MOVC 
A,@A+OPTR 
94 
2 
SUSS 
A,#data 
95 
2 
SUSS 
A,data addr 


96 
1 
SUSS 
A,@RO 
97 
1 
SUSS 
A,@R1 
98 
1 
SUSS 
A,RO 


Hell 
Number 
Mnemonic 
Operands 


Code 
01 Bytes 


99 
1 
SUSS 
A,R1 
9A 
1 
SUSS 
A,R2 
9S 
1 
SUSS 
A,R3 
9C 
1 
SUSS 
A,R4 
90 
1 
SUSS 
A,A5 
9E 
1 
SUSS 
A,R6 


I 


9F 
1 
SUSS 
A,R7 
AO 
2 
ORL 
C,Ibit 
addr 


A1 
2 
AJMP 
code addr 
A2 
2 
MOV 
C,bit addr 
A3 
1 
INC 
OPTR 
A4 
1 
MUL 
AS 
A5 
reserved 
A6 
2 
MOV 
@RO,data adr 
A7 
2 
MOV 
@R1,dataaddr 
A8 
2 
MOV 
RO,data addr 
A9 
2 
MOV 
R1,data addr 
AA 
2 
MOV 
R2,data addr 
AS 
2 
MOV 
R3,data addr 
AC 
2 
MOV 
R4,data addr 


AD 
2 
MOV 
R5,data addr 
AE 
2 
MOV 
R6,data addr 
AF 
2 
MOV 
R7,data addr 
SO 
2 
ANL 
C,Ibit 
addr 


S1 
2 
ACALL 
code addr 
S2 
2 
CPL 
bit addr 


S3 
1 
CPL 
C 


S4 
3 
CJNE 
A,#data,code 
addr 
S5 
3 
CJNE 
A,data addr,code 
addr 


S6 
3 
CJNE 
@RO,#data,code 
addr 


S7 
3 
CJNE 
@R1,#data,code 
addr 
S8 
3 
CJNE 
RO,#data,code 
addr 


S9 
3 
CJNE 
R1,#data,code 
addr 


SA 
3 
CJNE 
R2,#data,code 
addr 
SS 
3 
CJNE 
R3,#data,code 
addr 


SC 
3 
CJNE 
R4,#data,code 
addr 
SO 
3 
CJNE 
R5,#data,code 
addr 


SE 
3 
CJNE 
R6,#data,code 
addr 


SF 
3 
CJNE 
R7,#data,code 
addr 


CO 
2 
PUSH 
data addr 
C1 
2 
AJMP 
code addr 
C2 
2 
CLR 
bit addr 
C3 
1 
CLR 
C 
C4 
1 
SWAP 
A 
C5 
2 
XCH 
A,data addr 
C6 
1 
XCH 
A,@RO 
C7 
1 
XCH 
A,@R1 
C8 
1 
XCH 
A,RO 
C9 
1 
XCH 
A,R1 
CA 
1 
XCH 
A,R2 
CS 
1 
XCH 
A,R3 


80C51 BH/80C51 BH-2 
80C31 BH/80C31 BH-2 


Hex 
Number 
Mnemonic 
Operands 


Code 
of Bytes 


CC 
1 
XCH 
A,A4 


CD 
1 
XCH 
A,AS 


CE 
1 
XCH 
A,A6 


CF 
1 
XCH 
A,A7 


DO 
2 
POP 
data addr 


D1 
2 
ACALL 
code addr 


D2 
2 
SETB 
bit addr 


D3 
1 
SETB 
C 


D4 
1 
DA 
A 


DS 
3 
DJNZ 
data addr,code 
addr 


D6 
1 
XCHD 
A,@AO 
D7 
1 
XCHD 
A,@A1 


D8 
2 
DJNZ 
AO,code addr 


D9 
2 
DJNZ 
A1,code 
addr 


DA 
2 
DJNZ 
A2,code 
addr 


DB 
2 
DJNZ 
A3,code 
addr 


DC 
2 
DJNZ 
A4,code 
addr 


DD 
2 
DJNZ 
AS,code 
addr 


DE 
2 
DJNZ 
A6,code 
addr 


DF 
2 
DJNZ 
A7,code 
addr 


EO 
1 
MOVX 
A,@DPTA 


E1 
2 
AJMP 
code addr 


E2 
1 
MOVX 
A,@AO 


E3 
1 
MOVX 
A,@A1 


E4 
1 
CLA 
A 


ES 
2 
MOV 
A,data 
addr 
, 


Hex 
Number 
Mnemonic 
Operands 


Code 
of Bytes 


E6 
1 
MOV 
A,@AO 


E7 
1 
MOV 
A,@A1 


E8 
1 
MOV 
A,AO 


E9 
1 
MOV 
A,A1 


EA 
1 
MOV 
A,A2 


EB 
1 
MOV 
A,A3 


EC 
1 
MOV 
A,A4 


ED 
1 
MOV 
A,AS 


EE 
1 
MOV 
A,A6 


EF 
1 
MOV 
A,A7 


FO 
1 
MOVX 
@DPTA,A 


Fl 
2 
ACALL 
code addr 


F2 
1 
MOVX 
@AO,A 


F3 
1 
MOVX 
@A1,A 


F4 
1 
CPL 
A 
FS 
2 
MOV 
data addr,A 


F6 
1 
MOV 
@AO,A 


F7 
1 
MOV 
@A1,A 


F8 
1 
MOV 
AO,A 


F9 
1 
MOV 
A1,A 


FA 
1 
MOV 
A2,A 


FB 
1 
MOV 
A3,A 


FC 
1 
MOV 
A4,A 
FD 
J 
MOV 
AS,A 
FE 
1 
MOV 
A6,A 
FF 
1 
MOV 
A7,A 


S031 AH/S051 AH 
S032AH/S052AH 
S751 H/S751 H 


• Extended Temperature Range 
• Burn-In 


The Intel EXPRESS 
system 
offers enhancements 
to the operational 
specifications 
of the MCS~-51 
family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the needs 
of those 
applications 
whose 
operating 
requirements 
exceed commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in, and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O°C to 70°C. With 
the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40°C to + 85°C. 


The optional burn-in is dynamic, for a minimum time of 160 hours at 125°C with VCC = 5.5V ±0.5V, following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. The 
prefixes are listed in Table 1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate from their 
commercial 
temperature 
range limits. The commercial 
temperature 
range data sheets are applicable 
for all 
parameters 
not listed here. 


Electrical Deviations from Commercial 
Specifications for Extended Temperature 
Range 


D.C. and A.C. parameters 
not included 
here are the 


same as in the commercial 
temperature 
range data 


sheets. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.75 
V 


VIH 
Input High Voltage (Except 
2.1 
VCC+0.5 
V 


XTAL2, RST) 


ICC 
Power Supply Current: 
8051AH,8031AH 
135 
ma 
All Outputs 


8052AH,8032AH 
175 
ma 
Disconnected; 
8751 H,8751 H 
265 
ma 
EA =VCC 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


P 
plastic 
commercial 
no 


0 
cerdip 
commercial 
no 


C 
ceramic 
commercial 
no 


TP 
plastic 
extended 
no 


TO 
cerdip 
extended 
no 


TC 
ceramic 
extended 
no 


QP 
plastic 
commercial 
yes 


QO 
cerdip 
commercial 
yes 


QC 
ceramic 
commercial 
yes 


LP 
plastic 
extended 
yes 


LO 
cerdip 
extended 
yes 


LC 
ceramic 
extended 
yes 


Please note: 


• 
Commercial 
temperature 
range is 0° to 70°C. Extended 
temperature 
range is -40° 
to + 85°C. 


• 
Burn-in 
is dynamic, 
for a minimum 
time of 160 hours at 125°C, VCC = 5.5V 
±0.5V, 
following 
guidelines 
in MIL-STD-883 
Method 
1015 (Test Condition 
DJ. 


• 
The following 
devices 
are not available 
in plastic packages: 
8751 H,8751 H 


• 
The following 
devices 
are not available 
in ceramic 
packages: 
8051AH,8031AH 
8052AH,8032AH 


Examples: 
P8031AH 
indicates 
8031AH 
in a plastic package 
and specified 
for commercial 
temperature 
range, 
without burn-in. L08751 H indicates 
8751 H in a cerdip package 
and specified 
for extended 
temperature 
range 
with burn-in. 
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P3.0/RXO 


P3.1/TXO 


P3.2/INTO 


P3.3.1NTl 


P3.4/TO 


P3.5/T1 


P3.61WR 
P3.7/ii'i5 


XTAl2 


XTAl1 


VSS 


vcc 


PO.O 


PO.l 


PO.2 


PO.3 


PO.4 


PO.5 


PO.6 


PO.7 
YDOiEA 


PROG/AlE 


PSEN 


P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


1. INTRODUCTION 


In 1976 Intel introduced 
the MCS-48'· 
family, consisting 


of the 8048, 8748, and 8035 microcomputers. 
These parts 


marked 
the first time a complete 
microcomputer 
system. 
including 
an eight-bit 
CPU, 
1024 8-bit words 
of ROM 


or EPROM 
program 
memory, 
64 words.of 
data memory, 


I/O 
ports 
and 
an eight-bit 
timer/counter 
could 
be inte- 


grated 
onto 
a single silicon chip. 
Depending 
only on the 


program 
memory 
contents, 
one 
chip 
could 
control 
a 


limitless 
variety 
of products. 
ranging 
from appliances 
or 


automobile 
engines 
to text or data processing 
equipment. 


Follow-on 
products 
stretched 
the MCS-48'· 
architecture 
in several 
directions: 
the 
8049 
and 
8039 
doubled 
the 


amount 
of on-ehip 
memory 
and ran 83% faster; the 8021 


reduced 
costs 
by executing 
a subset 
of the 8048 instruc- 
tions 
with a somewhat 
slower 
clock; and the 8022 put a 
unique 
two-ehannel 
8-bit analog-to-digital 
converter 
on 


the same 
NMOS 
chip as the computer, 
letting 
the chip 


interface 
directly 
with analog 
transducers. 


Now three 
new high-performance 
single-chip 
microcom- 


puters-the 
Intel@> 8051, 
8751, 
and 
8031-extend 
the 
advantages 
of Integrated 
Electronics 
to whole new prod- 


uct areas. 
Thanks 
to Intel's 
new HMOS 
technology, 
the 


M CS-5I'· 
family 
provides 
four 
llnes 
the 
program 


memory 
and 
twice 
the data 
memory 
as the 8048 on a 


single 
chip. 
New 
I/O 
and 
peripheral 
capabilities 
both 
increase 
the range of applicability 
and reduce total system 


cost. 
Depending 
on 
the 
use, 
processing 
throughput 


increases 
by two and one-half 
to ten times. 


This Application 
Note is intended 
to introduce 
the reader 


to the MCS-5I'· 
architecture 
and features. 
While it does 


not assume 
intimacy 
with the MCS-48'· 
product 
line on 


the 
part 
of the 
reader, 
he/she 
should 
be familiar 
with 


! 


RXD 


TXD 


INTO 


INTl 


PORT 
3 
TO 


T1 


WR 


AD 


some 
microprocessor 
(preferably 
Intel's, 
of course) 
or 


have a background 
in computer 
programming 
and digital 


logic. 


Family Overview 


Pinout 
diagrams 
for the 8051. 8751. and 8031 are shown 


in Figure 
I. The devices 
include 
the following 
features: 


• 
Single-supply 
5 volt operation 
using 
HMOS 
tech- 


nology. 
• 4096 bytes program 
memory 
on-chip 
(not on 8031). 


• 
128 bytes data 
memory 
on-chip. 


• 
Four register 
banks. 


• 
128 User-defined 
software 
flags. 


• 
64 
Kilobytes 
each 
program 
and 
external 
RAM 


addressability. 


• 
One 
microsecond 
instruction 
cycle 
with 
12 MHz 


crystal. 


• 
32 bidirectional 
I/O 
lines organized 
as four 
8-bit 


ports (16 lines on 8031). 


• 
Multiple 
mode, 
high-speed 
programmable 
Serial 


Port. 


• 
Two multiple 
mode, 
16-bit Timer/Counters. 


• Two-level 
prioritized 
interrupt 
structure. 


• 
Full depth 
stack 
for subroutine 
return 
linkage 
and 


data storage. 


• 
Augmented 
MCS-48'· 
instruction 
set. 


• 
Direct Byte and Bit addressability. 


• 
Binary or Decimal 
arithmetic. 


• 
Signed-overflow 
detection 
and parit} 
computation. 


• 
Hardware 
Multiple 
and Dividc in 4 usec. 


• 
Integrated 
Boolean 
Processor 
for control 
applica- 
tions. 


• 
Upwardly 
compatible 
with existing 
8048 software. 


AFN-01S02A-04 


All three 
devices 
come 
in a standard 
40-pin 
Dual 
In- 


Line 
Package. 
with the same 
pin-out. 
the same 
timing. 
and 
the 
same 
electrical 
characteristics. 
The 
primary 
difference 
between 
the 
three 
is the 
on-chip 
program 


memory-different 
types 
are offered 
to satisfy 
differing 


user requirements. 


The 
8751 
provides 
4K 
bytes 
of 
ultraviolet-Erasable, 
Programmable 
Read 
Only 
Memory 
(EPROM) 
for 


program 
development. 
prototyping. 
and 
limited 
pro- 


duction 
runs. 
(By 
convention. 
IK 
means 
210 = 1024. 
Ik-with 
a lower case "k"-equals 
10' = 1000.) This part 
may be individually 
programmed 
for a specific applica- 


tion using 
Intel's 
Universal 
PROM 
Programmer 
(UPP). 
If software 
bugs 
are 
detected 
or 
design 
specifications 
change 
the 
same 
part 
may 
be "erased" 
in a matter 
of 


minutes 
by 
exposure 
to 
ultraviolet 
light 
and 
repro- 


grammed 
with 
the 
modified 
code. 
This 
cycle 
may 
be 
repeated 
indefinitely 
during 
the design 
and development 


phase. 


The final 
version 
of the software 
must 
be programmed 


into a large 
number 
of production 
parts. 
The 8051 has 
4K bytes of ROM 
which are mask-programmed 
with the 
customer's 
order 
when the chip is built. This part is con- 
siderably 
less expensive. 
but cannot 
be erased 
or altered 


after fabrication. 


The 8031 does 
not 
have any program 
memory 
on-chip, 
but may be used with up to 64K bytes of external 
standard 


or multiplexed 
ROMs. 
PROMs. 
or EPROMs. 
The 8031 


fits well in applications 
requiring 
significantly 
larger 
or 


smaller 
amounts 
of memory 
than 
the 4K bytes provided 


by its two siblings. 


(The 
8051 and 
8751 automatically 
access 
external 
pro- 
gram memory 
for all addresses 
greater 
than the 4096 bytes 
on-chip. 
The 
External 
Access 
input 
is an 
override 
for 
all internal 
program 
memory-the 
8051 and 
8751 will 
each emulate 
an 8031 when pin 31 is low.) 


Throughout 
this Note. 
"8051" 
is used as a generic 
term. 
Unless 
specifically 
stated 
otherwise. 
the 
point 
applies 
equally 
to all three components. 
Table 
I summarizes 
the 
quantitative 
differences 
between 
the 
members 
of 
the 
MCS-48'· 
and MCS-51'· 
families. 


The remainder 
of this Note discusses the various 
MCS-51'· 


features 
and how they can be used. Software 
and/or 
hard- 


ware application 
examples 
illustrate 
many of the concepts. 
Several 
isolated 
tasks 
(rather 
than 
one complete 
system 


design 
example) 
are presented 
in the hope 
that 
some 
of 


them will apply to the reader's 
experiences 
or needs. 


A document 
this short 
cannot 
detail 
all of a computer 
system's capabilities. 
By no means will all the 8051 instruc- 


tions 
be demonstrated; 
the 
intent 
is to stress 
new 
or 


unique 
MCS-51'· 
operations 
and 
instructions 
generally 


used in conjunction 
with each other. 
For additional 
hard- 
ware 
information 
refer 
to the 
Intel 
MCS-S)'· 
Family 
User's Manual, 
publication 
number 
121517. The assembly 


language 
and 
use of ASM51. 
the 
MCS-51'· 
assembler, 


are further 
described 
in the MCS-S)'· 
Macro 
Assembler 
User's Guide, 
publication 
number 
9800937. 


The 
next 
section 
reviews 
some 
of the 
basic 
concepts 
of 
microcomputer 
design 
and 
use. 
Readers 
familiar 


with 
the 
8048 
may 
wish 
to skim 
through 
this 
section 
or skip directly 
to the next, 
"ARCHITECTURE 
AND 
ORGANIZATION." 


Microcomputer 
Background 
Concepts 


Most 
digital 
computers 
use the binary 
(base 
2) number 
system 
internally. 
All variables. 
constants, 
alphanumeric 
characters. 
program 
statements, 
etc., are represented 
by 
groups 
of binary 
digits 
("bits"), 
each 
of which 
has the 
value 0 or I. Computers 
are classified 
by how many bits 


they can move or process at a time. 


The 
MCS-51'· 
microcomputers 
contain 
an 
eight-bit 
central 
processing 
unit (CPU). 
Most 
operations 
process 
variables 
eight 
bits wide. 
All internal 
RAM 
and 
ROM, 
and 
virtually 
all other 
registers 
are also eight 
bits wide. 
An eight-bit 
("byte") 
variable 
(shown 
in Figure 
2) may 
assume 
one 
of 2' 
= 256 distinct 
values, 
which 
usually 


represent 
integers 
between 
0 and 
255. 
Other 
types 
of 


numbers. 
instructions, 
and 
so forth 
are 
represented 
by 
one or more bytes using certain 
conventions. 


For example, 
to represent 
positive 
and 
negative 
values, 
the most significant 
bit (07) 
indicates 
the sign of the other 
seven 
bits-O 
if positive, 
I if negative-allowing 
integer 
variables. 
between 
-128 
and 
+127. 
For 
integers 
with 


extremely 
large 
magnitudes, 
several 
bytes 
are 
manipu- 


lated together 
as "multiple 
precision" 
signed 
or unsigned 


integers-16. 
24. or more bits wide. 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input/ 
Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg. 


Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


~ 
8021 
- 
IK 
tK 
64 
8.4f'See 
2\ 
0 
I 
- 
8022 
- 
2K 2K 
64 
8.4f'See 
28 
2 
I 
8748 
8048 
8035 
IK(4K 
64 
2.5 f'See 
27 
2 
2 
- 
8049 
8039 
2K/4K 
128 
1.36"See 
27 
2 
2 
8751 
8051 
8031 
4K/64K 
128 
1.0f'See 
32 
5 
4 


The letters "MCS" have traditionally 
indicated 
a system or family of compatible 
Intel® micro- 
computer 
components, 
including 
CPUs, mem- 
ories, clock generators, 
I/O expanders, and so 


forth. The numerical suffix indicates the micro- 
processor 
or microcomputer 
which 
serves as 


the cornerstone 
of the family. Microcomputers 


in the MCS-48'· 
family 
currently 
include 
the 
8048-series (8035, 8048, & 8748), the 8049-series 
(8039 
& 8049), and the 8021 and 8022; the 


family also includes the 8243, an I/O expander 
compatible 
with each of the microcomputers. 


Each computer's 
CPU is derived from the 8048, 
with essentially the same architecture, 
address- 


ing modes, 
and instruction 
set, and a single 


assembler (ASM48) serves each. 


The first members of the MCS-51'· 
family are 


the 8051, 8751, and 8031. The architecture 
of 


the 8051-series, while 
derived 
from the 8048, 
is 
not 
strictly 
compatible; 
there 
are 
more 


addressing 
modes, 
more 
instructions, 
larger 


address spaces, and a few other hardware dif- 
ferences. 
In this Application 
Note the letters 


"MCS-51" 
are used when 
referring. to archi- 


tectural 
features 
of the 8051-series-features 


which 
would 
be included 
on possible 
future 


microcomputers 
based on the 8051 CPU. Such 


products 
could 
have 
different 
amounts 
of 


memory 
(as 
in 
the 
8048/8049) 
or 
different 
peripheral 
functions 
(as in the 8021 and 8022) 


while 
leaving 
the 
CPU 
and 
instruction 
set 


intact. 
ASM51 
is the 
assembler 
used by all 
microcomputers 
in the 8051 family. 


Two digit decimal 
numbers 
may be "packed" 
in an eight- 


bit value, using four bits for the binary code of each digit. 
This is called 
Binary-Coded 
Decimal 
(BCD) 
representa- 


tion, 
and 
is often 
used 
internally 
in programs 
which 


interact 
heavily with human 
beings. 


Alphanumeric 
characters 
(letters. 
numbers. 
punctuation 


marks, 
etc.) 
are 
often 
represented 
using 
the 
American 


Standard 
Code 
for 
Information 
Interchange 
(ASCII) 
convention. 
Each 
character 
is associated 
with a unique 


seven-bit 
binary 
number. 
Thus 
one 
byte 
may 
represent 


Figure 2. Representation 
of Bits Within an Eight-Bit 


"Byte" (Value shown 
= 01010001 
Binary = 
81 decimal). 


a single character, 
and a word or sequence 
of letters may 


be represented 
by a series (or "string") 
of bytes. Since the 
ASCII 
code only uses 128 characters, 
the most significant 


bit of the byte is not needed 
to distinguish 
between 
char- 
acters. 
Often 
D7 is set to 0 for all characters. 
In some 
coding 
schemes, 
D7 is used to indicate 
the "parity" 
of the 
other 
seven 
bits-set 
or cleared 
as necessary 
to ensure 
that 
the total 
number 
of "I" 
bits in the eight-bit 
code is 
even 
("even 
parity") 
or 
odd 
("odd 
parity"). 
The 
8051 
includes 
hardware 
to compute 
parity 
when it is needed. 


A computer 
program 
consists 
of an ordered 
sequence 
of 
specific. 
simple 
steps to be executed 
by the CPU 
one-at- 
a-time. 
The method 
or sequence 
of steps used collectively 


to solve the user's application 
is called an "algorithm." 


The program 
is stored 
inside the computer 
as a sequence 
of binary 
numbers, 
where 
each 
number 
corresponds 
to 


one of the basic operations 
("opcodes") 
which 
the CPU 


is capable 
of 
executing. 
In 
the 
8051, 
each 
program 
memory 
location 
is one 
byte. 
A complete 
instruction 


consists 
of a sequence 
of one or more 
bytes, 
where 
the 
first defines 
the operation 
to be executed 
and additional 
bytes 
(if needed) 
hold 
additional 
information, 
such 
as 


data values or variable 
addresses. 
No instruction 
is longer 


than three bytes. 


The way in which binary 
opcodes 
and modifier 
bytes are 


assigned 
to the CPU's 
operations 
is called the computer's 
"machine 
language." 
Writing 
a 
program 
directly 
in 


machine 
language 
is time-consuming 
and tedious. 
Human 
beings think 
in words 
and concepts 
rather 
than 
encoded 


numbers. 
so each CPU operation 
and resource 
is given a 


name and standard 
abbreviation 
("mnemonic"). 
Programs 
are more easily discussed 
using these standard 
mnemonics. 
or "assembly 
language." 
and may be typed into an lntel® 


lntellec® 
800 or Series 
ll® microcomputer 
development 


system in this form. The development 
system can mechan- 


ically 
translate 
the 
program 
from 
assembly 
language 
"source" 
form to machine 
language 
"object" 
code using a 


program 
called an "assembler." 
The MCS-51'· 
assembler 


is called ASM51. 


There 
are several 
important 
differences 
between 
a com- 


puter's 
machine 
language 
and the assembly 
language 
used 
as a tool to represent 
it. The machine 
language 
or instruc- 
tion 
set 
is the 
set 
of operations 
which 
the 
CPU 
can 


perform 
while a program 
is executing 
("at run-time"). 
and 
is strictly 
determined 
by the 
microcomputer 
hardware 


design. 


The assembly 
language 
is a standard 
(though 
more-or- 


less arbitrary) 
set of symbols 
including 
the instruction 
set 


mnemonics. 
but 
with additional 
features 
which 
further 


simplify 
the 
program 
design 
process. 
For 
example. 
ASM51 
has controls 
for creating 
and 
formatting 
a pro- 


gram 
listing. 
and 
a number 
of directives 
for allocating 
variable 
storage 
and inserting 
arbitrary 
bytes of data 
into 


the object code for creating 
tables of constants. 


In addition, 
ASM51 
can 
perform 
sophisticated 
mathe- 


matical 
operations, 
computing 
addresses 
or evaluating 


arithmetic 
expressions 
to relieve 
the 
programmer 
from 
this drudgery. 
However, 
these calculations 
can only use 


information 
known 
at "assembly 
time." 


For 
example, 
the 8051 performs 
arithmetic 
calculations 
at run-time, 
eight 
bits at a time. ASM51 
can do similar 


operations 
16 bits at a time. The 8051 can only do one 


simple 
step 
per instruction, 
while 
ASM51 
can 
perform 


complex 
calculations 
in each 
line of source 
code. 
How- 


ever, the operations 
performed 
by the assembler 
may only 
use parameter 
values fixed at assembly-time, 
not variables 
whose 
values 
are 
unknown 
until 
program 
execution 


begins. 


For 
example, 
when 
the assembly 
language 
source 
line, 


ADD 
A,#(LOOP_COUNT+ 
I) * 3 


is assembled, 
AS M51 
will find 
the 
value 
of the 
pre- 


viously-defined 
constant 
"LOOP_COUNT" 
in an internal 


symbol 
table, 
increment 
the value, 
multiply 
the sum 
by 
three, and (assuming 
it is between 
-256 and 255 inclusive) 
truncate 
the prod uct to eight bits. When 
this instruction 


is executed, 
the 
8051 ALU 
will just 
add 
that 
resulting 
constant 
to the accumulator. 


Some 
similar 
differences 
exist 
to 
distinguish 
number 


system 
("radix") 
specifications. 
The 8051 does 
all com- 


putations 
in binary 
(though 
there are provisions 
for then 


converting 
the result 
to decimal 
form). 
In the course 
of 


writing 
a program, 
though, 
it may be more 
convenient 


to specify constants 
using some other 
radix, 
such as base 


10'.On other occasions, 
it is desirable 
to specify the ASCII 


code 
for some 
character 
or string 
of characters 
without 


refering 
to tables. 
AS M51 allows 
several 
representations 
for 
constants, 
which 
are 
converted 
to 
binary 
as each 


instruction 
is assembled. 


For 
example, 
binary 
numbers 
are 
represented 
in the 


assembly 
language 
by 
a 
series 
of 
ones 
and 
zeros 
(naturally), 
followed 
by the letter "B" (for Binary); 
octal 


numbers 
as a series of octal digits (0-7) followed 
by the 
letter "0" (for Octal) or "Q" (which doesn't 
stand for any- 
thing, 
but looks 
sort 
of like an "0" and 
is less likely 
to be confused 
with a zero). 


Hexadecimal 
numbers 
are represented 
by a series of hexa- 


decimal 
digits (0-9,A-F), 
followed 
by (you guessed 
it) the 


letter 
"H." 
A "hex" 
number 
must 
begin 
with a decimal 
digit; otherwise 
it would 
look like a user-defined 
symbol 
(to be discussed 
later). 
A "dummy" 
leading 
zero may be 


inserted 
before 
the first digit to meet this constraint. 
The 
character 
string 
"BACH" 
could 
be a legal 
label 
for a 


Baroque 
music synthesis 
routine; 
the string 
"OBACH" 
is 


the 
hexadecimal 
constant 
BAC, •. This 
is a case 
where 
adding 
0 makes a big difference. 


Decimal numbers 
are represented 
by a sequence of decimal 


digits, 
optionally 
followed 
by a "D." If a number 
has no 
suffix, 
it is assumed 
to be decimal-so 
it had better 
not 
contain 
any 
non-decimal 
digits. 
"OBAC" 
is not a legal 


representation 
for anything. 


When an ASCII 
code is needed 
in a program, 
enclose the 


desired 
character 
between 
two apostrophes 
(as in '#') and 


the assembler 
will convert 
it to the appropriate 
code (in 


this 
case 
23H). 
A string 
of characters 
between 
apos- 


trophes 
is translated 
into 
a series of constants; 
'BACH' 


becomes 
42H, 41 H, 43H, 48H. 


These 
same 
conventions 
are 
used 
throughout 
the asso- 
ciated 
Intel documentation. 
Table 2 illustrates 
some of the 


different 
number 
formats. 


2. ARCHITECTURE 
AND ORGANIZATION 


Figure 
3 blocks 
out the MCS-5I'· 
internal 
organization. 


Each 
microcomputer 
combines 
a 
Central 
Processing 
Unit, 
two 
kinds 
of memory 
(data 
RAM 
plus 
program 


ROM 
or EPROM), 
Input/Output 
ports, 
and the mode, 


Hexa- 
Signed 
Bit Pattern 
Binary 
Octal 
Decimal 
Decimal 
Decimal 


00000000 
OB 
OQ 
OOH 
0 
0 
00000001 
IB 
IQ 
OIH 
I 
+1 
·.............. 
.. 
... 
... 
.. 
.... 


000001 
1 I 
IIIB 
7Q 
om 
7 
+7 
00001000 
1000B 
IOQ 
08H 
8 
+8 
00001001 
100lB 
IIQ 
09H 
9 
+9 
00001010 
IOI0B 
12Q 
OAH 
10 
+10 
............... 
.. 
... 
... 
.. 
.... 
o 0 0 0 I I I I 
IIIIB 
17Q 
OFH 
15 
+15 
00010000 
10000B 
20Q 
IOH 
16 
+16 
· .... ... ..... .. 
.. 
... 
... 
.. 
.... 
o I I I I I I 1 
1111111 B 
I77Q 
7FH 
127 
+127 
10000000 
10000000B 
200Q 
80H 
128 
-128 
10000001 
1000000lB 
20lQ 
81H 
129 
-127 
·.............. 
........ 
... 
... 
... 
.... 
1 I I I I I 1 0 
IIIIIIIOB 
376Q 
OFEH 
254 
-2 
I I I 1 I 1 I I 
IIIIIIIIB 
377Q 
OFFH 
255 
-I 


IE 
,p 


INTERRUPT 
CONTROL 


status, 
and 
data 
registers 
and 
random 
logic needed 
for 
a variety 
of peripheral 
functions. 
These 
elements 
com- 
municate 
through 
an 
eight-bit 
data 
bus 
which 
runs 
throughout 
the chip, somewhat 
akin to indoor 
plumbing. 
This bus is buffered 
to the outside 
world through 
an I/O 


port when memory 
or I/O expansion 
is desired. 


Let's summarize 
what each block does; later chapters 
dig 
into the CPU's 
instruction 
set and the peripheral 
registers 
in much greater 
detail. 


Central 
Processing 
Unit 


The CPU 
is the "brains" 
of the microcomputer, 
reading 


the user's 
program 
and executing 
the instructions 
stored 


therein. 
Its primary 
elements 
are an eight-bit 
Arithmetic/ 


Logic Unit with associated 
registers 
A, B, PSW, and SP, 


and the sixteen-bit 
Program 
Counter 
and "Data 
Pointer" 
registers. 
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Arithmetic 
Logic Unit 


The ALU can perform 
(as the name 
implies) 
arithmetic 


and 
logic 
functions 
on eight-bit 
variables. 
The 
former 


include 
basic 
addition, 
subtraction, 
multiplication, 
and 


division; 
the lalter 
include 
the logical 
operations 
AND, 
OR, and 
Exclusive-OR, 
as well as rotate, 
clear, comple- 


ment, 
and 
so forth. 
The 
ALU 
also 
makes 
conditional 


branching 
decisions, 
and 
provides 
data 
paths 
and 
tem- 


porary 
registers 
used for data transfers 
within the system. 


Other 
instructions 
are built up from these primitive 
func- 


tions: 
the addition 
capability 
can increment 
registers 
or 


automatically 
compute 
program_ 
destination 
addresses; 
subtraction 
is also used in decrementing 
or comparing 
the 


magnitude 
of two variables. 


These 
primitive 
operations 
are 
automatically 
cascaded 


and 
combined 
with 
dedicated 
logic 
to 
build 
complex 


instructions 
such 
as incrementing 
a sixteen-bit 
register 


pair. To execute 
one form of the compare 
instruction, 
for 


example, 
the 8051 increments 
the program 
counter 
three 


times, 
reads three bytes of program 
memory, 
computes 
a 


register 
address 
with 
logical 
operations, 
reads 
internal 


data 
memory 
twice, 
makes 
an arithmetic 
comparison 
of 
two variables, 
computes 
a sixteen-bit 
destination 
address, 
and decides 
whether 
or not to make a branch-all 
in two 


microseconds! 


An important 
and 
unique 
feature 
of the MCS-51 
archi- 


tecture 
is that 
the ALU 
can also 
manipulate 
one-bit 
as 
well as eight-bit 
data 
types. 
Individual 
bits may be set, 
cleared, 
or complemented, 
moved, 
tested, 
and 
used 
in 
logic computations. 
While support 
for a more 
primitive 


data 
type may initially 
seem a step backwards 
in an era 


of increasing 
word 
length, 
it makes 
the 8051 especially 
well suited 
for controller-type 
applications. 
Such 
algo- 


rithms 
inherent/\' 
involve 
Boolean 
(true/false) 
input 


and 
output 
variables, 
which 
were heretofore 
difficult 
to 


implement 
with standard 
microprocessors. 
These features 
are 
collectively 
referred 
to as the 
MCS-51'· 
"Boolean 


Processor," 
and 
are described 
in the so-named 
chapter 


to come. 


Thanks 
to this powerful 
ALU, 
the 8051 instruction 
set 


fares 
well at both 
real-time 
control 
and 
data 
intensive 


algorithms. 
A total 
of 51 separate 
operations 
move and 


manipulate 
three data types: Boolean 
(I-bit), 
byte (8-bit), 


and address 
(16-bit). 
All told, there are eleven addressing 


modes-seven 
for data, 
four for program 
sequence 
con- 


trol (though 
only eight are used by more than just a few 


specialized 
instructions). 
Most 
operations 
allow 
several 


addressing 
modes, 
bringing 
the total 
number 
of instruc- 


tions 
(operation 
addressing 
mode 
combinations) 
to III, 
encompassing 
255 of the 256 possible 
eight-bit 
instruc- 


tion opcodes. 


Instruction 
Set Overview 


Table 
4 lists 
these 
III 
instructions 
classified 
into 
five 


groups: 


• 
Arithmetic 
Operations 


• 
Logical Operations 
for Byte Variables 


• 
Data Transfer 
Instructions 


• 
Boolean 
Variable 
Manipulation 
• 
Program 
Branching 
and Machine 
Control 


MCS-48'· 
programmers 
perusing 
Table 4 will notice 
the 


absence 
of special 
categories 
for 
Input/Output, 
Timer/ 


Counter, 
or Control 
instructions. 
These functions 
are all 


still provided 
(and indeed many new functions 
are added), 


but 
as special 
cases 
of more 
generalized 
operations 
in 
other 
categories. 
To explicitly 
list all the useful 
instruc- 


tions involving 
I/O and peripheral 
registers 
would require 


a table approximately 
four times as long. 


Observant 
readers 
will also 
notice 
that 
all of the 8048's 


page-oriented 
instructions 
(conditional 
jumps, 
JMPP, 


MOVP, 
MOVP3) 
have been replaced 
with corresponding 


but 
non-paged 
instructions. 
The 
8051 instruction 
set is 


entirely 
non-page-oriented. 
The 
MCS-48'· 
"MOVP" 


inst-ruction 
replacement 
and all conditional 
jump 
instruc- 


tions 
operate 
relative 
to the program 
counter, 
with the 
actual jump address 
computed 
by the CPU during 
instruc- 


tion execution. 
The "MOVP3" 
and" JMPP" 
replacements 
are 
now 
made 
relative 
to another 
sixteen-bit 
register, 


which 
allows 
the effective 
destination 
to be anywhere 
in 


the 
program 
memory 
space, 
regardless 
of 
where 
the 
instruction 
itself 
is located. 
There 
are 
even 
three-byte 


jump 
and call instructions 
allowing 
the destination 
to be 


anywhere 
in the 64K program 
address 
space. 


The instruction 
set is designed 
to make programs 
efficient 


both 
in terms 
of code 
size and 
execution 
speed. 
No 


instruction 
requires 
more 
than 
three 
bytes 
of program 


memory, 
with 
the 
majority 
requiring 
only 
one 
or two 


bytes. 
Virtually 
all instructions 
execute 
in either 
one or 


two 
instruction 
cycles-one 
or two 
microseconds 
with 
a 
12-MHz 
crystal-with 
the 
sole 
exceptions 
(multiply 
and divide) completing 
in four cycles. 


Many 
instructions 
such 
as arithmetic 
and 
logical 
func- 


tions or program 
control, 
provide 
both a short and a long 


form 
for the same 
operation, 
allowing 
the programmer 


to optimize 
the code produced 
for a specific application. 


The 8051 usually fetches two instruction 
bytes per instruc- 


tion 
cycle, 
so using 
a shorter 
form 
can 
lead 
to faster 


execution 
as well. 


For example, 
any byte of RAM 
may 
be loaded 
with a 


constant 
with a three-byte, 
two-eycle 
instruction, 
but the 


commonly 
used 
"working 
regi~ters" 
in 
RAM 
may 
be 
initialized 
in one cycle 
with 
a two-byte 
form. 
Any 
bit 


anywhere 
on the chip 
may 
be set, cleared, 
or comple- 


mented 
by a single 
three-byte 
logical 
instruction 
using 


two cycles. 
But critical 
control 
bits, 
I/O 
pins, and 
soft- 


ware 
flags 
may 
be controlled 
by two-byte, 
single 
cycle 


Instructions. 
While 
three-byte 
jumps 
and 
calls can 
"go 


anywhere" 
in program 
memory, 
nearby 
sections 
of code 


may be reached 
by shorter 
relative 
or absolute 
versions. 


Symbol 
CY 


Position 
Name 
and Slgnllicance 


PSW.7 
Carry flag. 
Set/cleared by hardware or software 
during certain arithmetic and logical 
instructions. 


Auxiliary Carry flag. 
Set/cleared by hardware during addition 
or subtraction instructions to indicate 
carry or borrow out of bit 3. 


Flag 0 
Set/c1eared/ tested by software as a 
user-defined status flag. 


Register bank Select control bits I & O. 
Set/cleared by software to determine 
working register bank (see Note). 


Symbol 
Position 
OV 
PSW.2 


Name 
and Significance 
Overflow flag. 
Set/cleared by hardware during arith- 
metic instructions 
to indicate 
overflow 


conditions. 


Parity flag. 
Set/cleared by hardware each instruc- 
tion cycle to indicate an odd /even 
number 
of 
Uone" bits in the accumu· 


lator. i.e.. even parity. 


the conlents of (RSI. 
RSO) enable the 


working register banks as follows: 


(O.O)-Bank 
0 
(O.I)-Bank 
I 
(I.O)-Bank 
2 


(J.I)-Bank 
3 


(OOH-07H) 


(08H-OFH) 


(IOH-I7H) 


(18H-IFH) 


A significant 
side 
benefit 
of an 
instruction 
set 
more 
powerful 
than 
those 
of previous 
single-chip 
microcom- 


puters 
is that it is easier to generate 
applications-oriented 


software. 
Generalized 
addressing 
modes 
for byte and bit 


instruction~ 
reduce 
the 
number 
of 
source 
code 
lines 


written 
and debugged 
for a given application. 
This leads 


in turn 
to proportionately 
lower 
software 
costs, 
greater 


reliability, 
and faster design cycles. 


Accumulator 
and PSW 


The 
8051, 
like 
its 
8048 
predecessor, 
is 
primarily 
an 


accumulator-based 
architecture: 
an 
eight-bit 
register 


called 
the accumulator 
("A") holds a source 
operand 
and 


receives the result of the arithmetic 
instructions 
(addition, 


subtraction, 
multiplication, 
and division). 
The accumula- 


tor can be the source 
or destination 
for logical operations 


and 
a number 
of special 
data 
movement 
instructions, 
including 
table 
look-ups 
and 
external 
RAM 
expansion. 


Several 
functions 
apply 
exclusively 
to the accumulator: 


rotates, 
parity 
computation, 
testing 
for zero, and so on. 


Many 
instructions 
implicitly 
or explicitly 
affect 
(or are 


affected 
by) 
several 
status 
flags, 
which 
are 
grouped 


together 
to form 
the 
Program 
Status 
Word 
shown 
in 


Figure 4. 


(The 
period 
within 
entries 
under 
the Position 
column 
is 


called 
the "dot 
operator," 
and 
indicates 
a particular 
bit 


position 
within 
an eight-bit 
byte. "PSW,5" 
specifies 
bit 5 


of the 
PSW. 
Both 
the documentation 
and 
ASM5l 
use 


this notation.) 


The most "active" 
status 
bit is called the carry flag (abbre- 


viated 
"C"). 
This 
bit makes 
possible 
multiple 
precision 


arithmetic 
operations 
including 
addition, 
subtraction, 


and rotates. 
The carry also serves as a "Boolean 
accumu- 
lator" 
for one-bit 
logical operations 
and bit manipulation. 
instructions. 
The overflow 
flag (OV) detects 
when arith- 
metic overflow 
occurs on signed integer operands, 
making 
two's 
complement 
arithmetic 
possible. 
The 
parity 
flag 
(P) is updated 
after every instruction 
cycle with the even- 
parity of the accumulator 
contents. 


The 
CPU 
does 
not control 
the two register-bank 
select 
bits, 
RSI 
and 
RSO. 
Rather, 
they 
are 
manipulated 
by 


software 
to enable 
one of the four 
register 
banks. 
The 
usage 
of the 
PSW 
flags is demonstrated 
in the 
Instruc- 


tion Set chapter 
of ,this Note. 


Even though 
the architecture 
is accumulator-based, 
pro- 
visions 
have 
been 
made 
to bypass 
the accumulator 
in 
common 
instruction 
situations. 
Data may be moved from 
any location 
on-chip 
to any register, 
address, 
or indirect 


address 
(and vice versa), any register 
may be loaded 
with 


a constant, 
etc., 
all without 
affecting 
the accumulator. 


Logical 
operations 
may be performed 
against 
registers 
or 
variables 
to alter fields of bits-without 
using or affecting 


the accumulator. 
Variables 
may 
be incremented, 
decre- 
mented, 
or tested 
without 
using 
the accumulator. 
Flags 


and control 
bits may be manipulated 
and tested 
without 
affecting 
anything 
else. 


Other 
CPU Registers 


A special eight-bit 
register ("B") serves in the execution 
of 


the multiply 
and divide instructions. 
This register 
is used 
in conjunction 
with the accumulator 
as the second 
input 


operand 
and to return 
eight-bits 
of the result. 


The MCS-51 
family processors 
include 
a hardware 
stack 
within 
internal 
RAM, 
useful 
for 
subroutine 
linkage, 
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passing 
parameters 
between 
routines, 
temporary 
variable 


storage, 
or saving status during 
interrupt 
service routines. 
The 
Stack 
Pointer 
(SP) 
is an eight-bit 
pointer 
register 


which 
indicates 
the address 
of the last byte pushed 
onto 


the stack. The stack pointer 
is automatically 
incremented 


or decremented 
on all push 
or pop instructions 
and all 


subroutine 
calls and 
returns. 
In theory, 
the stack 
in the 


8051 may be up to a full 128 bytes deep. (In practice, 
even 


simple programs 
would 
use a handful 
of RAM 
locations 
for pointers, 
variables, 
and so forth-reducing 
the stack 
depth 
by that numbeL) 
The stack pointer 
defaults 
to 7 on 
reset, so that the stack will start growing 
up from location 


8. just like in the 8048. By altering 
the pointer 
contents 
the 


stack 
may be relocated 
anywhere 
within 
internal 
RAM. 


Finally, 
a 16-bit register 
called 
the data 
pointer 
(DPTR) 


serves as a base register 
in indirect 
jumps, 
table look-up 


instructions, 
and 
external 
data 
transfers. 
The high- and 
low-order 
halves of the data 
pointer 
may be manipulated 


as separate 
registers 
(DPH 
and 
DPL, 
respectively) 
or 
together 
using 
special 
instructions 
to load 
or increment 


all sixteen 
bits. Unlike the 8048. look-up 
tables can there- 


fore 
start 
anywhere 
in 
program 
memory 
and 
be 
of 


arbitrary 
length. 
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Memory 
Spaces 


Program 
memory 
is separate 
and 
distinct 
from 
data 
memory. 
Each 
memory 
type 
has a different 
addressing 
mechanism, 
different 
control 
signals, 
and 
a 
different 
function. 


The program 
memory 
array 
(ROM 
or EPROM), 
like an 


elephant, 
is extremely 
large 
and 
never 
forgets 
informa- 
tion. 
even when 
power 
is removed. 
Program 
memory 
is 


used for information 
needed 
each time power 
is applied: 


initialization 
values, 
calibration 
constants, 
keyboard 


layout 
tables, 
etc., as well as the program 
itself. The pro- 


gram 
memory 
has a sixteen-bit 
address 
bus; its elements 


are addressed 
using the Program 
Counter 
or instructions 


which generate 
a sixteen-bit 
address. 


To stretch 
our analogy 
just 
a bit, data 
memory 
is like a 


mouse: 
it is smaller 
and therefore 
quicker 
than 
program 


memory, 
and it goes into a random 
state when electrical 


power is applied. 
On-chip 
data 
RAM 
is used for variables 


which are determined 
or may change 
while the program 


is running. 
. 


A computer 
spends 
most 
of its time manipulating 
vari- 


ables, 
not 
constants, 
and 
a relatively 
small 
number 
of 


variables 
at that. 
Since eight-bits 
is more than 
sufficient 


to 
uniquely 
address 
128 RAM 
locations, 
the 
on-chip 


RAM 
address 
register 
is only one byte wide. In contrast 


to the program 
memory, 
data 
memory 
accesses 
need 
a 


single eight-bit 
value-a 
constant 
or another 
variable- 


to specify a unique 
location. 
Since this is the basic width 


of 
the 
ALU 
and 
the 
different 
memory 
types, 
those 


resources 
can 
be used 
by the 
addressing 
mechanisms, 


contributing 
greatly to the computer's 
operating 
efficiency. 


The partitioning 
of program 
and data memory 
is extended 


to 
off-chip 
memory 
expansion. 
Each 
may 
be 
added 


independently, 
and each uses the same address 
and data 


busses, 
but with different 
control 
signals. 
External 
pro- 


gram 
memory 
is gated 
onto the external 
data 
bus by the 


PSEN 
(Program 
Store 
Enable) 
control 
output, 
pin 29. 


External 
data 
memory 
is read 
onto 
the bus by the 
RD 


output, 
pin 
17, and 
written 
with data 
supplied 
from 
the 


microcomputer 
by the WR output, 
pin 
16. (There 
is no 


control 
pin to write external 
program 
ROM, 
which is by 


definition 
Read Only.) While both types may be expanded 


to 
up 
to 
64K 
bytes, 
the 
external 
data 
memory 
may 


optionally 
be expanded 
in 256 byte "pages" 
to preserve 


the use of P2 as an I/O port. This is useful with a relatively 
small 
expansion 
RAM 
(such 
as the 
Intel® 8155) or for 


addressing 
external 
peripherals. 


Single-chip 
controller 
programs 
are finalized 
during 
the 


project 
design 
cycle, and are not modified 
after 
produc- 


tion. 
Intel's 
single-chip 
microcomputers 
are 
not 
"von 


Neumann" 
architectures 
common 
among 
main-frame 


and 
mini~computer 
systems: 
the 
MCS-51'· 
processor 


data memory-on-chip 
and 
external-may 
not be used 


for program 
code. Just as there is no write-control 
signal 


for program 
memory, 
there 
is no way for the CPU 
to 


execute 
instructions 
out 
of RAM. 
In return, 
this 
con- 


cession 
allows 
an 
architecture 
optimized 
for 
efficient 


controller 
applications: 
a large, fixed program 
located 
in 


ROM, 
a hundred 
or so variables 
in RAM, 
and different 


methods 
for efficiently 
addressing 
each. 


(Von Neumann 
machines 
are helpful for software 
develop- 


ment 
and debug. 
An 8051 system 
could 
be modified 
to 


have a single off-chip 
memory 
space 
by gating 
together 


the two memory-read 
controls 
(PSEN 
and 
RD) 
with a 


two-input 
AND 
gate 
(Figure 
5). The 
CPU 
could 
then 


write data into the common 
memory 
array using WR and 


AFN-Ol502A-l1 


n~--}TO 
MEMORY 
~ 
IInIlm 
ARRAY 


Figure 5. Combining 
External 
Program 
and 
Data 


Memory 
Arrays 


external 
data 
transfer 
instructions. 
and read instructions 
or data 
with the AND 
gate output 
and data 
transfer 
or 


program 
memory 
look-up 
instructions.) 


In addition 
to the memory 
arrays. 
there 
is (yet) another 


(albeit 
sparsely 
populated) 
physical 
address 
space. 
Con- 


nected 
to the 
internal 
data 
bus are 
a score 
of special- 
purpose 
eight-bit 
registers 
scattered 
throughout 
the chip. 


Some 
of these-B, 
SP, 
PSW, 
DPH, 
and 
DPL-have 
been discussed 
above. 
Others-I/O 
ports 
and peripheral 
function 
registers-will 
be introduced 
in the 
following 


sections. 
Collectively, 
these registers are designated 
as the 


~special-function 
register" 
address 
space. 
Even the accu- 


mulator 
is assigned 
a spot in the special-function 
register 


address 
space for additional 
flexibility 
and uniformity. 


Thus, 
the MCS-5I'· 
architecture 
supports 
several distinct 


~physical" 
address 
spaces, 
functionally 
separated 
at the 
hardware 
level by different 
addressing 
mechanisms. 
read 


and write control 
signals, or both: 


• 
On-chip 
program 
memory; 
• 
On-chip 
data 
memory; 


• 
Off-chip 
program 
memory; 
• 
Off-chip 
data 
memory; 


• 
On-chip 
special-function 
registers. 


What 
the programmer 
sees. though, 
are "logical" 
address 
spaces. 
For 
example, 
as 
far 
as 
the 
programmer 
is 
concerned, 
there 
is only 
one type 
of program 
memory, 


64K bytes 
in length. 
The fact that 
it is formed 
by com- 


bining 
on- and off-chip 
arrays 
(split 4K/60K 
on the 8051 


and 
8751) 
is "invisible" 
to the 
programmer; 
the 
CPU 
automatically 
fetches 
each 
byte 
from 
the 
appropriate 


array, based on its address. 


(Presumably, 
future 
microcomputers 
based 
on 
the 


MCS-5I'· 
architecture 
may have a different 
physical split, 
with more or less of the 64K total 
implemented 
on-chip. 


Using the MCS-48'· 
family as a precedent, 
the 8048's 4K 


potential 
program 
address 
space was split I K/3K between 


on- and off-chip 
arrays; 
the 8049's was split 2K/2K.) 


Why go into 
such tedious 
details 
about 
address 
spaces? 
The logical addressing 
modes are described 
in the Instruc- 


tion 
Set 
chapter 
in terms 
of physical 
address 
spaces. 
Understanding 
their differences 
now will payoff 
in under- 


standing 
and using the chips later. 


Input/Output 
Ports 


The 
MCS-5I'· 
I/O port 
structure 
is extremely 
versatile. 
The 8051 and 8751 each have 32 I/O 
pins configured 
as 
four eight-bit 
parallel 
ports (PO, Pl. P2. and P3). Each pin 
will input 
or output 
data 
(or both) 
under 
software 
con- 


trol, and each may be referenced 
by a wide repertoire 
of 


byte and bit operations. 


In various 
operating 
or expansion 
modes. 
some of these 


I/O 
pins are also used for special 
input 
or output 
func- 


tions. 
Instructions 
which 
access 
external 
memory 
use 


Port 0 as a multiplexed 
address/data 
bus: at the beginning 
of an external 
memory 
cycle eight bits of the address 
are 
output 
on PO; later data 
is transferred 
on the same eight 


pins. 
External 
data 
transfer 
instructions 
which 
supply 
a 
sixteen-bit 
address, 
and 
any 
instruction 
accessing 
external 
program 
memory, 
output 
the 
high-order 
eight 


bits on P2 during 
the access cycle. (The 8031 al,mrs 
uses 


the pins of PO and P2 for external 
addressing. 
but PI and 


P3 are available 
for standard 
I/O.) 


The eight pins of Port 3 (P3) each have a special function. 
Two external 
interrupts. 
two counter 
inputs. 
two serial 


data 
lines, and two timing 
control 
strobes 
use pins of P3 


as described 
in Figure 
6. Port 
3 pins corresponding 
to 


functions 
not used are available 
for conventional 
I/O. 


Even within a single port, 
I/O functions 
may be combined 


in many ways: input and output 
may be performed 
using 


different 
pins at the same time, or the same pins at different 


times; in parallel 
in some cases, and in serial in others; 
as 
test pins, or (in the case of Port 
3) as additional 
special 
functions. 


Symbol 
Position 
Name 
and Significance 
Symbol 
Position 
Name 
and Significance 
RD 
P3.7 
Read data control output. Active low 
INTI 
P3.3 
Interrupt I input pin. Low-level or 


pulse generated by hardware when 
falling-edge triggered. 
external data memory is read. 


INTO 
P3.2 
Interrupt 0 input pin. Low-level or 
WR 
P3.6 
Write data control output. Active low 
falling-edge triggered. 


pulse generated by hardware when 
external data memory is written. 
TXD 
P3.1 
Transmit Data pin for serial port in 
UART mode. Clock output in shift 
TI 
P3.5 
Timer/counter 
I external input or test 
register mode. 


pin. 


RXD 
P3.0 
Receive Data pin for serial port in 
TO 
P3.4 
Timer/counter 0 external input or test 
UART mode. Data I/O pin in shift 


pin. 
register mode. 


Special Peripheral 
Functions 


There 
are a few special 
needs 
common 
among 
control- 


oriented 
computer 
systems: 


• 
keeping 
track of elapsed 
real-time; 


• 
maintaining 
a count 
of signal transitions; 


• 
measuring 
the precise width of input pulses; 


• communicating 
with other systems or people; 
• closely monitoring 
asynchronous 
external 
events. 


Until 
now, 
microprocessor 
systems 
needed 
peripheral 


chips such as timer/counters, 
USARTs, 
or interrupt 
con- 
trollers 
to meet these 
needs. 
The 
8051 integrates 
all of 


these capabilities 
on-ehip! 


Timer/Counters 


There are two sixteen-bit 
multiple-mode 
Timer/Counters 
on the 8051, each consisting 
ofa "High" 
byte (correspond- 
ing to the 8048 "T' register) 
and a low byte (similar 
to the 


8048 
prescaler, 
with 
the 
additional 
flexibility 
of being 


software-accessible). 
These 
registers 
are called, 
naturally 


enough, 
THO, TLO, THI, 
and 
TLI. 
Each 
pair 
may 
be 


independently 
software 
programmed 
to any of a dozen 


modes 
with a mode 
register 
designated 
TMOD 
(Figure 
7), and controlled 
with register TCON 
(Figure 
8). 


The timer 
modes 
can be used to measure 
time intervals, 


determine 
pulse widths, 
or initiate events, with one-micro- 
second 
resolution, 
up to a maximum 
interval 
of 65,536 


instruction 
cycles (over 
65 milliseconds). 
Longer 
delays 


may easily be accumulated 
through 
software. 
Configured 


as a counter, 
the same hardware 
will accumulate 
external 


events 
at frequencies 
from 
D.C. 
to 500 KHz, with up to 


sixteen 
bits of precision. 


Serial Port Interface 


Each 
microcomputer 
contains 
a high-speed, 
full-<luplex, 


serial 
port 
which 
is software 
programmable 
to function 


in four 
basic 
modes: 
shift-register 
I/O 
expander, 
8-bit 
UART, 
9-bit 
UART, 
or interprocessor 
communications 


link. The UART 
modes 
will interface 
with standard 
I 0 


devices 
(e.g. CRTs, 
teletypewriters, 
or modems) 
at data 


rates 
from 
122 baud 
to 
31 
kilobaud. 
Replacing 
the 


standard 
12 MHz crystal 
with a 10.7 MHz crystal 
allows 


110 baud. 
Even or odd parity (if desired) 
can be included 


with simple bit-handling 
software 
routines. 
Inter-processor 


communications 
in distributed 
systems 
takes place at 187 


kilobaud 
with 
hardware 
for 
automatic 
address 
data 


message recognition. 
Simple TTL or CMOS 
shift registers 


provide 
low-eost 
I/O expansion 
at a super-fast 
I Mega- 


baud. 
The serial port operating 
modes 
are controlled 
by 


the contents 
of register 
SCON 
(Figure 
9). 


Interrupt 
Capability 
and Control 


(Interrupt 
capability 
is 
generally 
considered 
a 
CPU 


function. 
It is being introduced 
here since, from an appli- 


cations 
point 
of view, interrupts 
relate 
more 
closely 
to 


peripheral 
and system interfacing.) 


(USB) 
IGATEI CIT I 
U, 


(lSB) 


UO I GATEI CIT 
Ul 
I 
UO I 


Operating 
Mode 
MCS-48 Timer. "TLx" serves as five- 
bit prescaler. 


16-bittimer/counter. 
"THx" and "TLx" 


are cascaded; there is no prescaler. 


8-bit auto-reload timer/counter. "THx" 
holds a value which is to be reloaded 
into "TLx" each time it overflows. 
Gating control. When set, Timer/counter 
"x" is enabled only while "INTx" pin is 
high and "TRx" control bit is set. When 
cleared, timer/counter 
is enabled 
whenever "TRx" control bit is set. 


(Timer 0) 
TLO is an eight-bit timer/ 
counter controlled by the 
standard Timer 0 control 
bits. 
THO is an eight-bit timer 
only controlled by Timer I 
control bits. 


Timer or Counter Selector. Cleared for 
Timer operation (input from internal 
system clock). Set for Counter opera- 
tion (input from "Tx" input pin). 


(USB) 
I TFl 
ITA' 
TFO I TAO 
IE' 


(lSB) 


IT1 
IEQ liTO 


Symbol 
POBltion 
Name 
and Significance 


TFI 
TCON.7 
Timer I overflow Flag. Set by hardware 
on timer/counter overflow. Cleared 
when interrupt processed. 


Symbol 
POBltlon 


lEI 
TCON.3 


Name 
and Signillcance 
Interrupt I Edge flag. Set by hardware 
when external interrupt edge detected. 
Cleared when interrupt processed. 


ITI 
TCON.2 
Interrupt I Type control bit. Set/cleared 


TRI 
TCON.6 
Timer I Run control bit. Set/cleared 
by software to specify falling edge/low 


by software to turn timer/counter 
level triggered external interrupts. 


on/off. 


IEO 
TCON.J 
Interrupt 0 Edge flag. Set by hardware 
TFO 
TCON.5 
TImer 0 overflow Flag. Set by hardware 
when external interrupt edge detected. 


on timer/counter overflow. Cleared 
Cleared when interrupt processed. 


when interrupt processed. 


!TO 
TCON.O 
Interrupt 0 Type control bit. Set/cleared 


TRO 
TCON.4 
Timer 0 Run control bit. Set/cleared by 
by software to specify falling edge/low 
software to turn timer/counter on/off. 
level triggered external interrupts. 


Symbol 
Position 
Name and Significance 
Symbol 
Position 
Name 
and Significance 


SMO 
SCON.? 
Serial port Mode control bit O. 
RB8 
SCON.2 
Receive Bit 8. Set/cleared by hardware 
Set/cleared by software (see note). 
to indicate state of ninth data bit 
received. 
SMI 
SCON.6 
Serial port Mode control bit I. 
Set/cleared by software (see note). 
TI 
SCON.I 
Transmit Interrupt flag. Set by hard- 
ware when byte transmitted. Cleared 
SM2 
SCON.5 
Serial port Mode control bit 2. Set by 
by software after servicing. 
software to disable reception of frames 
for which bit 8 is zero. 
RI 
SCON.O 
Received Interrupt flag. Set by hard- 
ware when byte received. Cleared by 
REN 
SCON.4 
Receiver Enable control bit. Set/cleared 
software after servicing. 


by software to enable/disable serial 
data reception. 
Note- 
the state of(SMO.SMI) selec,,: 
(O.O)-ShiftregisterI/O expansion. 


TB8 
SCON.3 
Transmit Bit 8. Set/cleared by hard- 
(0.1) 8 bit UART.variabledata rate. 
ware to determine state of ninth data 
(1.0)-9 bit UART.fixeddata rate. 


bit transmitted in 9-bit UART mode. 
(1.1)-9 bit UART.variabledata rate. 


These 
peripheral 
functions 
allow 
special 
hardware 
to 
monitor 
real-time 
signal 
interfacing 
without 
bothering 


the CPU. For example, 
imagine serial data is arriving from 


one 
CRT 
while 
being 
transmitted 
to another, 
and 
one 


timer/counter 
is 
tallying 
high-speed 
input 
transitions 
while the other 
measures 
input 
pulse widths. 
During 
all 


of this the CPU is thinking 
about 
something 
else. 


But how does the CPU know when a reception, 
transmis- 


sion, count, 
or pulse is finished? 
The 8051 programmer 


can choose 
from three approaches. 


TCON 
and SCON 
contain 
status 
bits set by the hardware 


when a timer overflows 
or a serial port operation 
is com- 
pleted. 
The first technique 
reads the control 
register 
into 
the 
accumulator, 
tests 
the 
appropriate 
bit, and 
does 
a 


conditional 
branch 
based 
on the 
result. 
This 
"polling" 


scheme 
(typically 
a three-instruction 
sequence 
though 


additional 
instructions 
to 
save 
and 
restore 
the 
accu- 
mulator 
m'ay 
sometimes 
be 
needed) 
will 
surely 
be 
familiar 
to programmers 
used to multi-chip 
microcom- 
puter 
systems 
and 
peripheral 
controller 
chips. 
This 
process is rather cumbersome, 
especially 
when monitoring 
multiple 
peripherals. 


As a second approach, 
the 8051 can perform 
a conditional 
branch 
based 
on the state of any control 
or status 
bit or 
input 
pin 
in 
a 
single 
instruction; 
a 
four 
instruction 


sequence 
could 
poll 
the 
four 
simultaneous 
happenings 
mentioned 
above 
in just eight microseconds. 


Unfortunately, 
the CPU 
must 
still drop 
what 
it's doing 
to test these 
bits. 
A manager 
cannot 
do his own 
work 


well if he is continuously 
monitoring 
his subordinates; 


they should 
interrupt 
him (or her) only when they need 


attention 
or guidance. 
So it is with machines: 
ideally, the 


CPU would not have to worry about 
the peripherals 
until 


they require 
servicing. 
At that time, it would postpone 
the 


background 
task long enough 
to handle 
the appropriate 


device, then return 
to the point where it left off. 


This is the basis of the third and generally 
optimal 
solu- 


tion, 
hardware 
interrupts. 
The 
8051 
has 
five interrupt 


sources: 
one from the serial port when a transmission 
or 
reception 
is complete, 
two 
from 
the timers 
when 
over- 


flows 
occur, 
and 
two from 
input 
pins 
INTO and 
INTI. 


Each 
source 
may be independently 
enabled 
or disabled 


to allow 
polling 
on some 
sources 
or at some times, 
and 


each 
may 
be classified 
as high 
or low priority. 
A high 


priority 
source 
can 
interrupt 
a 
low 
priority 
service 


routine; 
the 
manager's 
boss 
can 
interrupt 
conferences 


with subordinates. 
These options 
are selected by the inter- 


rupt 
enable 
and 
priority 
control 
registers, 
IE and 
IP 


(Figures 
10 and 
II). 


Each 
source 
has a particular 
program 
memory 
address 


associated 
with it (Table 
3), starting 
at 0OO3H <as in the 


8048) and 
continuing 
at ..eight-byte 
intervals. 
When 
an 


event enabled 
for interrupts 
occurs the CPU automatically 


executes 
an internal 
subroutine 
call to the corresponding 


address. 
·A user subroutine 
starting 
at this location 
(or 


jumped 
to from this location) 
then performs 
the instruc- 


tions 
to service 
that 
particular 
source. 
After 
completing 


the 
interrupt 
service 
routine, 
execution 
returns 
to the 


background 
program. 


Interrupt 
Service Routine 
Source 
Starting 
Address 


(Reset) 
OOOOH 
External 0 
0003H 
Timer/ Counter 0 
OOOBH 
External I 
OOl3H 
Timer/ Counter 1 
OOIBH 
Serial Port 
0023H 


Symbol 
Position 


EA 
IE.7 


Name 
and Significance 
Enable All control bit. Cleared by 
software to disable all interrupts, 
independent of the state of IEA-IE.O. 


(reserved) 
(reserved) 


Enable Serial port control bit. 
Set/cleared by software to enable/ 
disable interrupts from TI or RI flags. 


Enable Timer I control bit. Set/cleared 
by software to enable/disable interrupts 
from timer/counter 
1. 


Symbol 
Position 
EXI 
IE.2 


Name 
and Significance 
Enable External interrupt 
I control bit. 


Set/cleared by software to enable/ 
disable interrupts from INTI. 


Enable Timer 0 control bit. Set/cleared 
by software to enable/disable interrupts 
from timer/counter 0 


Enable External interrupt 0 control bit. 
Set/cleared by software to enable/ 
disable interrupts from INTO. 


(MSB) 
(lSB) 
~--PT-'--P-X-'--PT-O-B 


Symbol 
Position 
IP.7 
IP.6 
IP.5 


Name 
and Significance 


(reserved) 
(reserved) 
(reserved) 


Serial port Priority control bit. 
Set/cleared 
by software to specify 


high/low priority interrupts for Serial 
port. 


Timer I Priority control bit. 
Set/cleared 
by software to specify 
high/low priority interrupts for 
timer/counter 
1. 


Symbol 
Position 
PXI 
IP.2 


Name 
and Significance 
External interrupt 
I Priority control 
bit. Set/cleared 
by software to specify 


high/low priority interrupts 
for INT 1. 


Timer 0 Priority control bi!. 
Set/cleared 
by software to specify 


high/low priority interrupts for 
timer/counter 
0. 


External interrupt 0 Priority control 
bit. Set/cleared 
by software to specify 


high/low priority interrupts 
for INTO. 


ARITHMETK 
OPERATIONS 


Mntmonic 
Dncriplion 
B}tt Cye 


ADD 
A.Rn 
Add regi~ter to Accumulator 
I 
I 


ADD 
A.direct 
Add direct byte to Accumulator 
2 
I 


ADD 
A.@R, 
Add indirect 
RAM to Accumulator 
I 
I 


ADD 
A._data 
Add Immediate 
data to Accumulator 
2 
I 


ADDC 
A.Ro 
Add register to Accumulator 
with Carry 
I 
I 


ADDC 
A.dlrect 
Add direct 
byte to A with Carry nag 
2 
I 


ADDC 
A.@Ri 
Add indirect 
RAM to A with Carry nag 
I 
I 


ADDC 
A.#data 
Add immediate 
data to A with Carry nag 
2 
I 


SUBB 
A.Ro 
Subtract 
register from A with Borrow 
I 
I 


SUBB 
A.direct 
Subtract 
direct byte from A with Borrow 
2 
I 


SUBB 
A.@RI 
Subtract 
indirect 
RA M from 
A w 
Borrow 
I 
I 


SUBB 
A.#<I313 
Subtract 
Imme-d. data from A w Borrow 
2 
I 


I'IC 
A 
Increment 
Accumulator 
I 
I 
I'IC 
Rn 
Increment 
register 
I 
I 


I'C 
direct 
Increment 
direct byte 
2 
I 


I'C 
@R, 
Increment 
indirect 
RAM 
I 
I 


DEC 
A 
Decrement 
Accumulator 
I 
I 


DEC 
Rn 
Decrement 
register 
I 
I 


DEC 
direct 
Decremenl 
direct byte 
2 
I 


DEC 
@R, 
Decrement 
Indirect-RAM 
I 
I 


I'IC 
DPTR 
Incremenl 
Data Pointer 
I 
2 
MliL 
AB 
Multiply 
A & 8 
I 
4 


DIV 
AB 
Divide A by B 
I 
4 


DA 
A 
Decimal 
Adjust 
Accumulator 
I 
I 


I.OGICAI. 
OPERATIONS 


\1nemonic: 
Destin.lion 
Byte Cyc 


A'IL 
A.Rn 
A!'JD register to Accumulator 
I 
I 


A'L 
A.dlrect 
A'll) 
direct byte to Accumulator 
2 
I 


A'L 
A.@RI 
A'\'D 
indirect 
RAM 10 Accumulator 
I 
I 


A'L 
A.tkJata 
A .••••D Immediate 
dala to Accumulator 
2 
I 


A'L 
direct.A 
A'ID 
Accumulator 
to direct byte 
2 
I 


A'L 
direct .• data 
A'ID 
Immediate 
data to direct byle 
3 
2 


ORI 
A.Rn 
OR register to Accumulator 
I 
I 


ORl. 
A.direci 
OR direct byte 10 Accumulator 
2 
I 


ORl. 
A.@Ri 
OR indirect 
RAM 10 Accumulator 
I 
I 


ORI. 
A.#data 
OR immediate 
data 
to Accumulator 
2 
I 


ORL 
direcl.A 
OR Accumulator 
to direct byte 
2 
I 


ORL 
direct .• data 
OR immediate 
data 
to direct byte 
.1 
2 


XRI 
A.Rn 
Exclusi\<'e-OR register to Accumulator 
I 
I 


XRI. 
A.direct 
Exclusive~OR 
direct byte to Accumulator 
2 
I 


XRl. 
A.@RI 
Exclusive-OR 
indirect 
RAM 10 A 
I 
I 


XRI 
A.#data 
Exclusive-OR 
immediate 
data to A 
2 
I 


XRI 
direct.A 
E'(c1usiH-OR 
Accumulator 
to direct bue 
2 
I 


XRI. 
direct.lIdata 
E.'(e1usive-OR immediate 
data 
to dIrect 
.1 
2 


C1R 
A 
Clear Accumulator 
I 
I 
cpr 
A 
Complement 
Accumulator 
I 
I 


RI 
A 
Rotate 
Accumulator 
Left 
I 
I 


RIC 
A 
Rotate 
A Left through 
the Carry flag 
I 
I 


RR 
A 
Rotate 
Accumulator 
Right 
I 
I 


RRC 
A. 
Rotate 
A Right through 
Carry flag 
I 
I 


SWAP 
A 
Swap 
nibble~ within the Accumulator 
I 
I 


DATA TRANSFER 


Mnemonic: 
Descriplion 
B)'te 
C)"c 


MOV 
A.Rn 
Mo ••e register to Accumolalor 
I 
I 


MOV 
A.direct 
Mo\-e direct byte to AccumulalOr 
2 
I 


MOV 
A.'!l'RI 
Mo\-e mdirect 
RAM to Accumulator 
I 
I 


MOV 
A.#data 
Mo\-e Immediate 
data to Accumulator 
2 
I 


MOV 
Rn.A 
Mo\-e Accumulator 
to regi~ter 
I 
I 


MOV 
Rn.dlrect 
Move direct byte to regi~ter 
2 
2 
MOV 
Rn.lIdata 
Move Immediate 
data to register 
2 
I 


MOV 
direct.A 
Move Accumulator 
to direcl byte 
2 
I 


MOV 
dlrect.Rn 
Mo ••e register to direct b)te 
2 
2 
MOV 
direct.dlrect 
Move direct bvte to direct 
.1 
2 
MOV 
direct.@Ri 
Move indirect'RAM 
to direct byte 
2 
2 
MOV 
dirccl./:l<.Jata 
Mo\-e immediate 
data to direct byte 
.1 
2 


MOV 
@RI.A 
Move Accumulator 
to indirect 
RAM 
I 
I 


MOV 
(WRi.direct 
Move direct byte to indirect 
RAM 
2 
2 
MOV 
@RI.#dala 
Mo\e 
Immediate 
data to indirect 
RAM 
2 
I 


MOV 
DPTR.#dataI6 
Load Data 
Pointer 
"ith 
a l6-blt constant 
.1 
2 


Mnemonic 
MOVC 
A.@AoDPTR 


MOVC 
A.@AoPC 
MOVX 
A.@R; 


MOVX 
A.@DPTR 
MOVX 
@RLA 


MOVX 
@DPTR.A 


PUSH 
direct 
POP 
direct 
XCH 
A.Rn 


XCH 
A,direct 


XCH 
A.@R; 


XCHD 
A.@R; 


Descriplion 
Move Code byte relative 
to DPTR 
to A 


Move Code byte relative to PC to A 
Move External 
RAM (8-bit addr) to A 


Move EXlernal 
RAM (I6-bit 
addr) 
to A 


Move A to External 
RAM (8-bit addr) 


Move A to External 
RAM (16-bit addr) 


Push direct byte onto stack 
Pop direct byte from stack 
Exchange 
register with Accumulator 


Exchange 
direct byte with Accumulator 


Exchange 
indirect 
RAM with A 
Exchange 
low·order 
Digit ind. RAM 
w A 


Mnemonic 
CLR 
C 
CLR 
bit 


SETB 
C 
SETS 
bit 
CPL 
C 
CPL 
bit 


ANL 
C.bit 
ANL 
C. bit 
ORL 
C.bit 


ORL 
C. b;t 
MOV 
C.bit 


MQV 
bil.C 


Description 
Clear Carry flag 
Clear direct bit 
Set Carry flag 
Set direct 
Bit 
Complement 
Carry flag 
Complement 
direct bit 


AND direct bit to Carry flag 
AN D complement 
of direct bit to Carry 


OR direct bil to Carry flag 
OR complement 
of direct 
bit to Carry 


Move direct bit to Carry flag 
Mo\<'eCarry flag to direct bIt 


Mnemonic 
ACALL 
addd I 
LCALl. 
addrl6 


RET 
RETI 
AJMP 
UMP 
SJMP 
JMP 
JZ 
J'lZ 
JC 
J~C 
JB 
J'B 
JBC 
O'E 
O:-iE 
CJ:>E 
CJNE 
DJ:'-IZ 
DJ:'-IZ 
:'-lOP 


addrll 
addrl6 
rei 
@A+DPTR 
rei 
rei 
rei 
rei 
bit.rel 
biUel 
blt.rel 
A.dlrecuel 
A.#dala.rel 
Rn.#data.rel 
@Ri,#data,rel 
Rn.rel 
direct.rel 


Descriplion 
Absolute 
Subroutine 
Call 


Long Subroutine 
Call 


Return 
from subroutine 


RelUrn from interrupt 
Absolute 
Jump 
Long Jump 
Short 
Jump 
(relative 
addr) 


Jump 
indirect 
relative to the DPTR 
Jump 
if AccumulalOr 
is Zero 


Jump 
if Accumulator 
is ~ot Zero 


Jump 
if Carry flag i~ set 


Jump 
if No Carry flag 


Jump 
if dtrect 
Bit set 


Jump 
If direct 
Bit 'lot set 


Jump 
If direct 
Bil is set & Clear bit 
Compare 
direct to A & Jump 
if "I;ot Equal 


Compo immed. 
to A & Jump 
if :"<lotEqual 


Compo lmmed. to reg. & Jump 
if :"<lotEqual 


Compo immed. to indo & Jump 
if Not Equal 


Decrement 
register & Jump 
if :\lot Zero 


Decrement 
direct & Jump 
if Not Zero 


No operation 


Byte 
Cyt' 
I 
2 
I 
2 
I 
2 
I 
2 


I 
2 


I 
2 
2 
2 
2 
2 
I 
I 


2 
I 
I 
I 


I 
I 


B)'le 
C)'t' 
I 
I 


2 
I 
I 
I 
2 
I 
I 
I 
2 
I 


2 
2 
2 
2 
2 
2 
2 
2 
2 
I 


2 
2 


Byle 
eyc 
2 
2 
.1 
2 
I 
2 
I 
2 
2 
2 
3 
2 
2 
2 


I 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 


3 
2 
.1 
2 
3 
2 
3 
2 
3 
2 
.1 
2 
2 
2 
3 
2 


I 
I 


Noles on data addressing 
modes: 
Rn 
Working 
regi~ter RO-R7 
direci 
12~ inlernal 
RAM locations. 
any I 0 port. control 
or ~tatu ••register 
@Ri 
Indirect 
internal 
RA M local ion addressed 
by regisler 
RO or R I 
adata 
K·bit constant 
ineluded 
In In~truclion 


Jldata 16 
16-bit con!.tanl 
included 
a~ b\ les 2 & J of Instruction 
bit 
128 ~oft"are 
flagl>.any I 0 pin. conlrol 
or ~tatu'i bit 


Noles on program 
addressing 
modes: 
addrl6 
De~tination 
addres~ 
for 
tCALL 
& L.JMP 
ma) 
be an)"here 
within 


the 64~Kilobyte 
program 
memory 
addre~s space. 


addrll 
De\tinatlon 
addres~ 
for 
ACALI. 
& AJMP 
will be "lthln 
the 'lame 


~-Kilobytc 
page of program 
memory 
a\ the fir~t byte of the following 


In\tructlon. 


rei 
SJ M P and all conditional 
jumps 
include an X-bit offset h~te 
Range is 


+127 -12X bytes relatl\-e to first byte of the fotlo"ing 
in~tructlon. 


All mnemonics 
copyrighted 
© Intel Corporation 
1979 


The 8051 instruction 
set is extremely 
regular, 
in the senst> 
that 
most 
instructions 
can 
operate 
with variables 
from 


several different 
physical 
or logical address 
spaces. Before 


gelling 
deeply 
enmeshed 
in the instruction 
set proper. 
it 


is 
important 
to 
understand 
the 
details 
of 
the 
most 


common 
data 
addressing 
modes. 
Whereas 
Table 4 sum- 


marizes 
the instructions 
set broken 
down 
by functional 


group, 
this 
chapter 
starts 
with 
the 
addressing 
mode 


classes and builds to include the related 
instructions. 


Data Addressing 
Modes 


MCS-51 
assembly 
language 
instructions 
consist 
of an 


operation 
mnemonic 
and zero to three operands 
separated 


by commas. 
In two operand 
instructions 
the destination 


is specified 
first. 
then 
the source. 
Many 
byte-wide 
data 


AFN-01502A-17 


operations 
(such 
as ADD 
or 
MOY) 
inherently 
use the 


accumulator 
as a source 
operand 
and/or 
to receive 
the 


result. 
For the sake of clarity 
the letter "A" is specified 
in 


the 
source 
or destination 
field 
in all such 
instructions. 
For example, 
the instruction, 


ADD 
A,<source> 


will add the variable<source>to 
the accumulator, 
leaving 


the sum in the accumulator. 


The operand 
designated 
'~source>" 
above 
may use any 


of four common 
logical addressing 
modes: 


• 
Register-one 
of the working 
registers 
in the cur- 


rently enabled 
bank. 
• 
Direct-an 
internal 
RAM 
location, 
I/O 
port, 
or 


special-function 
register. 
• 
Register-indirect-an 
internal 
RA M 
location, 
pointed 
to by a working 
register. 


• 
Immediate 
data-an 
eight··bit constant 
incorporated 


into the instruction. 


The first three modes provide 
access to the internal 
RAM 


and Hardware 
Register address 
spaces, and may therefore 


be used as source 
or destination 
operands; 
the last mode 


accesses 
program 
memory 
and may be a source 
operand 


only. 


(It is hard to show a "typical 
application" 
of any instruc- 


tion without 
involving 
instructions 
not yet described. 
The 


following 
description:; 
use only the self-explanatory 
ADD 


and 
MOY 
instructions 
to 
demonstrate 
how 
the 
four 


addressing 
modes 
are 
specified 
and 
used. 
Subsequent 


examples 
will become 
increasingly 
complex.) 


Register 
Addressing 


The 8051 programmer 
has access to eight "working 
regis- 


ters," numbered 
RO-R 7. The least-significant 
three-bits 
of 


the 
instruction 
opcode 
indicate 
one 
register 
within 
this 


logical address 
space. Thus, 
a function 
code and operand 


address 
can 
be combined 
to form 
a short 
(one 
byte) 


instruction 
(Figure 
12.a). 


The 8051 assembly 
language 
indicates 
register addressing 


with the symbol 
Rn (where 
n is from 0 to 7) or with a 


symbolic 
name 
previously 
defined 
as a register 
by the 


EQUate 
or SET 
directives. 
(For 
more 
information 
on 


assembler 
directives 
see the Macro 
Assembler 
Reference 


Manual.) 


Example 
I-Adding 
Two 
Registers 
Together 


There are four such banks 
of working 
re"gisters, only one 


of which 
is active 
at a time. 
Physically, 
they occupy 
the 


first 
32 bytes 
of on-ehip 
data 
RAM 
(addresses 
0-1 FH). 


PSW 
bits 
4 and 
3 determine 
which 
bank 
is active. 
A 


hardware 
reset 
enables 
register 
bank 
0; 
to 
select 
a 


different 
bank the programmer 
modifies 
PSW bits 4 and 
3 accordingly. 


Example 
2 -Selecting 
Alternate 
Memory 
Banks 


Register 
addressing 
in the 8051 is the same as in the 8048 


family, 
with 
two 
enhancements: 
there 
are 
four 
banks 


rather 
than 
one or two, and 
16 instructions 
(rather 
than 
12) can access them. 


Direct 
Byte Addressing 


Direct 
addressing 
can 
access 
anyon-chip 
variable 
or 
hardware 
register. 
An additional 
byte appended 
to the 
opcode 
specifies the location 
to be used (Figure 
12.b). 


Depending 
on the highest 
order 
bit of the direct 
address 


byte, 
one 
of two 
physical 
memory 
spaces 
is selected. 


When the direct address 
is between 
0 and 
127 (OOH-7FH) 
one of the 128 low-order 
on-ehip 
RAM 
locations 
is used. 


(Future 
microcomputers 
based 
on the 
MCS-51'· 
archi- 
tecture 
may incorporate 
more than 
128 bytes of on-chip 
RAM. 
Even 
if this is the case, 
only 
the low-order 
128 


bytes will be directly 
addressable. 
The remainder 
would· 


be accessed 
indirectly 
or via the stack pointer.) 


; 
DIRADR 
1'101,1 
A.40H 


ADD 
A.4tH 
I"IOV 
40H. 
A 


All 
I/O 
ports 
and 
special 
function, 
control, 
or status 


registers 
are 
assigned 
addresses 
between 
128 and 
255 
(80H-OFFH). 
When 
the direct 
address 
byte 
is between 
these 
limits 
the 
corresponding 
hardware 
register 
is 


accessed. 
For example, 
Ports 0 and 
I are assigned 
direct 
addresses 
80H and 
90H, 
respectively. 
A complete 
list is 


presented 
in Table 
5. Don't 
waste 
your 
time 
trying 
to 
memorize 
the addresses 
in Table 5. Since programs 
using 
absolute 
addresses 
for function 
registers would be difficult 
to write or understand, 
ASM51 
allows 
and 
understands 


the abbreviations 
listed instead. 


Example 
4-Adding 
Input 
Port 
Data 
to Output 
Port 
Data 


Direct 
addressing 
allows 
all special-function 
registers 
in 
the 
8051 
to 
be 
read, 
written, 
or 
used 
as 
instruction 
operands. 
In general, 
this is the only 
method 
used 
for 
accessing 
I/O ports and special-function 
registers. 
If direct 
addressing 
is used with special-function 
register addresses 


other 
than 
those 
listed, 
the 
result 
of the 
instruction 
is 
undefined. 


The 
8048 does 
not have or need any generalized 
direct 


addressing 
mode. since there are only five special registers 
(BUS. 
PI, P2. PSW. & T) rather 
than twenty. 
Instead. 
16 


special 8048 opcodes 
control 
output 
bits or read or write 


each 
register 
to the accumulator. 
These 
functions 
are all 


subsumed 
by four of the "27direct addressing 
instructions 
of the 8051. 


Register 
Address 
Function 


PO 
80H' 
Port 0 
SP 
81H 
Stack Pointer 


DPL 
82H 
Data Pointer (Low) 
DPH 
83H 
Data Pointer (High) 


TCON 
88H' 
Timer register 


I 


TMOD 
89H 
Timer Mode register 


TLO 
8AH 
Timer 0 Low byte 
TLI 
8BH 
Timer I Low byte 


THO 
8CH 
Timer 0 High byte 


THI 
8DH 
Timer I High byte 
PI 
90H' 
Port I 


SCON 
98H' 
Serial Port Control register 


SBUF 
99H 
Serial Port data Buffer 


P2 
OAOH' 
Port 2 
IE 
OA8H' 
Interrupt Enable register 


P3 
OBOH' 
Port 3 
IP 
OB8H' 
Interrupt Priority register 


PSW 
ODOH' 
Program Status Word 


ACC 
OEOH' 
Accumulator (direct address) 
B 
OFOH' 
B register 


Register-Indirect 
Addressing 


How can you handle 
variables 
whose 
locations 
in RAM 


are determined, 
computed, 
or modified 
while the program 


is 
running? 
This 
situation 
arises 
when 
manipulating 


sequential 
memory 
locations. 
indexed 
entries within tables 
in 
RAM. 
and 
multiple 
precision 
or string 
operations. 
Register 
or Direct 
addressing 
cannot 
be used, since their 


operand 
addresses 
are fixed at assembly 
time. 


The 8051 solution 
is "register-indirect 
RA M addressing." 


RO and 
R I of each 
register 
bank 
may operate 
as index 
or pointer 
registers, 
their contents 
indicating 
an address 
into 
RAM. 
The 
internal 
RAM 
location 
so addressed 
is 
the actual 
operand 
used. The least significant 
bit of the 


instruction 
opcode 
determines 
which 
register 
is used as 
the "pointer" 
(Figure 
12.c). 


In the 8051 assembly 
language, 
register-indirect 
addressing 
is represented 
by a commercial 
"at" sign ("@") preceding 


RO, R I, or a symbol 
defined 
by the user to be equal 
to 
RO or RI. 


• INDADR 
ADD 
CONTENTS 
OF 
MEMORY 
LOCATION 


ADDRESSED 
BY 
REQJ5TEA 
1 


TO 
CONTENTS 
OF 
RA"" 
LOCATION 
ADDRESSED 
BY 
RECISTER 
0 


Indirect 
addressing 
on 
the 
8051 
is the 
same 
as in the 
8048 family. except that all eight bits of the pointer 
register 
contents 
are significant; 
if the contents 
point 
to a non- 
existent 
memory 
location 
(i.e., an address 
greater 
than 
7FH on the 8051) the result of the instruction 
is undefined. 
(Future 
microcomputers 
based 
on the 
MCS-51'· 
archi- 


tecture 
could 
implement 
additional 
memory 
in 
the 
on-chip 
RAM 
logical 
address 
space 
at locations 
above 
7FH.) 
The 8051 uses register-indirect 
addressing 
for five 


new instructions 
plus the 13 on the 8048. 


Immediate 
Addressing 


When 
a source 
operand 
is a constant 
rather 
than 
a vari- 
able (i.e.-the 
instruction 
uses a value known 
at assembly 


time). 
then 
the 
constant 
can 
be incorporated 
into 
the 


instruction. 
An additional 
instruction 
byte 
specifies 
the 
value used (Figure 
12.d). 


The value used is fixed at the time of ROM 
manufacture 
or EPROM 
programming 
and may not be altered 
during 


program 
execution. 
In the assembly 
language 
immediate 
operands 
are 
preceded 
by a 
number 
sign 
("jj"). 
The 
operand 
may 
be either 
a numeric 
string, 
a symbolic 
variable. 
or an arithmetic 
expression 
using constants. 


6-Adding 
Constants 
Using 
Immediate 


Addressing 


The 
preceding 
example 
was included 
for consistency; 
it 


has little practical 
value. 
Instead. 
ASM 51 could compute 


the sum of two constants 
at assembly 
time. 


Example 
7 -Adding 
Constants 
Using ASM51 


Capabilities 


e.) 
Register 
Addressing: 


1:+c";:llli 


b.) 
Direct 
Addressing: 
I : : ;'.+d'; : : II : : di~ect ~ddr~ss 


direct 


Co) 
Aegister.indlrect 
Addressing: 


I : : +co~-: 
: [] 


d.) 
Immediate 
Addressing: 


I : : ;'.+d'; : : II 
: : : 
: : 
: 


Addressing 
Mode Combinations 


The above 
examples 
all demonstrated 
the use of the four 


data-addressing 
modes 
in 
two-operand 
instructions 


(MOY, 
ADD) 
which 
use 
the 
accumulator 
as 
one 


operand. 
The 
operations 
ADDe. 
SUBB, 
ANL, 
ORL, 


and 
XRL 
(all to be discussed 
later) could 
be substituted 


for ADD 
in each example. 
The first three modes 
may be 
also be used for the XCH 
operation 
or, in combination 


with the Immediate 
Addressing 
mode (and an additional 


byte), 
loaded 
with 
a 
constant. 
The 
one-operand 


instructions 
INC and 
DEe. 
DJNZ, 
and 
CJNE 
may all 


operate 
on the accumulator, 
or may specify the Register, 
Direct, 
and 
Register-indirect 
addressing 
modes. 
Exception: 
as 
in 
the 
8048. 
DJNZ 
cannot 
use 
the 
accumulator 
or 
indirect 
addressing. 
(The 
PUSH 
and 
POP 
operations 
cannot 
inherently 
address 
the 
accumulator 
as a special 
register 
either. 
However. 
all 


three 
can direCll1' address 
the accumulator 
as one of the 
twenty 
special-function 
registers 
by putting 
the symbol 


"ACe" 
in the operand 
field.) 


Like 
most 
assembly 
or 
higher-level 
programming 


languages, 
ASM51 
allows 
instructions 
or variables 
to be 
given appropriate. 
user-defined 
symbolic 
names. 
This is 
done for instruction 
lines by putting 
a label followed 
by a 
colon 
(":") before 
the instruction 
proper. 
as in the above 
examples. 
Such 
symbols 
must 
start 
with an alphabetic 


character 
(remember 
what 
distinguished 
BACH 
from 


OBACH?), 
and 
may include 
any combination 
of letters, 


numbers, 
question 
marks ("?") and underscores 
("_"). 
For 


very long names only the first 31 characters 
are relevant. 


Assembly 
language 
programs 
may intermix 
upper- 
and 
lower-case 
letters 
arbitrarily. 
but ASM51 
converts 
both 


to 
upper-case. 
For 
example, 
ASM51 
will 
internally 
process 
an "I" for an "i" and, of course, "A_TOOTH" 
for 


"a_tooth." 


The underscore 
character 
makes 
symbols 
easier to read 


and can eliminate 
potential 
ambiguity 
(as in the label for 


a 
subroutine 
to 
switch 
two 
entires 
on 
a 
stack. 


"S_EXCHANGE"). 
The 
underscore 
is significant. 
and 


would 
distinguish 
between 
otherwise-identical 
character 


strings. 


AS M 51 allows 
all variables 
(registers, 
ports. 
internal 
or 


external 
RAM 
addresses, 
constants, 
etc.) to be assigned 
labels according 
to these rules with the EQUate 
or SET 


directives. 


Example 
8-Symbolic 
Addressing 
of Yariables 
Defined 
as RAM 
Locations 


otice from Table 4that 
the MCS-51 ,. instruction 
set has 


relatively 
few instruction 
mnemonics 
(abbreviations) 
for 
the 
programmer 
to memorize. 
Different 
data 
types 
or 
addressing 
modes 
are 
determined 
by 
the 
operands 


specified. 
rather 
than 
variations 
on the mnemonic. 
For 
example, 
the mnemonic 
"MOY" 
is used by 18 different 
instructions 
to operate 
on three data types (bit. byte. and 
address). 
The fifteen versions 
which move byte variables 


between 
the 
logical' address 
spaces 
are diagrammed 
in 
Figure 
13. Each 
arrow 
shows 
the direction 
of transfer 


from source 
to destination. 


Notice 
also that 
for most 
instructions 
allowing 
register 


addressing 
there 
is a corresponding 
direct 
addressing 


instruction 
and 
vice 
versa. 
This 
lets 
the 
programmer 
begin writing 
8051 programs 
as if (s)he has access to 128 


different 
registers. 
When the program 
has evolved 
to the 


point 
where 
the 
programmer 
has a fairly 
accurate 
idea 


how often each variable 
is used. he she may allocate 
the 


working 
registers 
in each 
bank 
to the most 
"popular" 
variables. 
(The assembly 
cross-reference 
option 
\\ ill show 


exactly 
how often and where each symbol 
is referenced.) 


If symbolic 
addressing 
is used 
in writing 
the 
source 


program 
only the lines containing 
the symbol 
definition 
will need to be changed; 
the assembler 
will produce 
the 


appropriate 
instructions 
even 
though 
the 
rest 
of the 


program 
is left untouched. 
Editing only the first two lines 
of 
Example 
8 will 
shrink 
the six-byte 
code 
segment 


produced 
in half. 


How 
are 
instruction 
sets 
"counted"? 
There 
is 
no standard 
practice; 
different 
people 
assess- 
ing the 
same 
CPU 
using 
different 
conventions 
may 
arrive 
at different 
totals. 


Each 
operation 
is then 
broken 
down 
according 
to 
the 
different 
addressing 
modes 
(or 
com- 


binations 
of addressing 
modes) 
it can 
accom- 


modate. 
The 
"CLR" 
mnemonic 
is used 
by two 


instructions 
with respect 
to bit variables 
("CLR 
Coo and 
"CLR 
bit") 
and 
once 
("CLR 
A") with 
regards 
to bytes •.This expansion 
yields 
the 111 
separate 
instructions 
of Table 
4. 


The 
method 
used 
for the 
MCS-51 
• instruction 


set 
first 
breaks 
it down 
into 
"operations": 
a 


basic 
function 
applied 
to a single 
data 
type. 
For 


example. 
the four 
versions 
of the ADD instruc- 


tion 
are 
grouped 
to 
form 
one 
operation 
- 


addition 
of eight-bit 
variables. 
The six forms 
of 


the ANL instruction 
for byte variables 
make 
up 


a different 
operation; 
the 
two 
forms 
of ANL 
which 
operate 
on 
bits 
are 
considered 
still 


another. 
The 
MOV mnemonic 
is used 
by three 


different 
operation 
classes. 
depending 
on 


whether 
bit, byte, 
or 16-bit 
values 
are affected. 


Using 
this 
terminology 
the 
8051 
can 
perform 
51 different 
operations. 


9 - 
Redeclaring 
Example 
8 Symbols 
as 
Registers 


"'AR 
0 
SET 
AO 
\JAR:1 
SET 
At 
, 


I SV"'B_~ 
ADD 
CONTENTS 
OF 
VAA_I 


TO 
CONTENTS 
OF 
VAR_O 


A. VAR_O 
A.IJAR_l 


VAR_D, 
A 


Arithmetic 
Instruction Usage - 
ADD, ADDe, 
SUBB 
and DA 


The 
ADD 
instruction 
adds 
a byte 
variable 
with 
the 


accumulator, 
leaving 
the result 
in the accumulator. 
The 


carry 
flag is set if there 
is an overflow 
from 
bit 7 and 


cleared 
otherwise. 
The 
AC 
flag is set to the carry-out 
from bit 3 for use by the DA instruction 
described 
later. 


ADDC 
adds the previous 
contents 
of the carry flag with 
the two byte variables, 
but otherwise 
is the same as ADD. 


The SUBB 
(subtract 
with borrow) 
instruction 
subtracts 
the byte variable 
indicated 
and the contents 
of the carry 
flag together 
from the accumulator, 
and puts the result 
back 
in the 
accumulator. 
The 
carry 
flag 
serves 
as a 


"Borrow 
Required" 
flag during 
subtraction 
operations; 


when a greater 
value is subtracted 
from a lesser value (as 


in subtracting 
5 from 
I) requiring 
a borrow 
into 
the 
highest 
order 
bit, 
the 
carry 
flag 
is set; otherwise 
it is 


cleared. 


When 
performing 
signed 
binary 
arithmetic. 
certain 


combinations 
of 
input 
variables 
can 
produce 
results 


which 
seem 
to violate 
the 
Laws 
of Mathematics. 
For 


example, 
adding 
7FH 
(127) to itself produces 
a sum of 
OFEH, 
which 
is the two's complement 
representation 
of 
-2 (refer 
back to Table 
2)! In "normal" 
arithmetic, 
two 
positive 
values 
can't 
have a negative 
sum. Similarly. 
it js 
normally 
impossible 
to subtract 
a positive 
value from a 
negative 
value and leave a positive 
result - 
but in two's 


complement 
there 
are 
instances 
where 
this 
too 
may 
happen. 
Fundamentally. 
such anomolies 
occur when the 
magnitude 
of the resulting 
value is too great to "fit" into 
the seven 
bits allowed 
for it; there 
is no one-byte 
two's 


complement 
representation 
for 254, the true sum of 127 


and 
127. 


The MCS-5I'· 
processors 
detect whether 
these situations 


occur and indicate 
such errors with the OV flag. (OV may 


be tested 
with the conditional 
jump 
instructions 
J Band 
JNB, 
described 
under 
the Boolean 
Processor 
chapter.) 


At a hardware 
level, OV is set if there is a carry out of bit6 


but not out of bit 7, or a carry out of bit 7 but not out of 
bit 
6. 
When 
adding 
signed 
integers 
this 
indicates 
a 


negative 
number 
produced 
as the sum 
of two positive 


operands. 
or a positive 
sum from two negative 
operands; 


on S UBB this indicates 
a negative 
result after subtracting 


a negative 
number 
from a positive 
number. 
or a positive 


result 
when 
a positive 
number 
is subtracted 
from 
a 


negative 
number. 


The 
ADDC 
and 
SUBB 
instructions 
incorporate 
the 


previous 
state of the carry (borrow) 
flag to allow multiple 


precision 
cakulations 
by repeating 
the 
operation 
with 


successively 
higher-order 
operand 
bytes. 
In either 
case, 


the carry 
must 
be cleared 
before 
the first iteration. 


If the input data 
for a multiple 
precision 
operation 
is an 


unsigned 
string 
of integers, 
upon 
completion 
the carry 


flag will be set if an overflow 
(for ADDC) 
or underflow 


(for SUBB) 
occurs. 
With two's complement 
signed 
data 


(i.e .. if the most significant 
bit of the original 
input 
data 


indicates 
the sign of the string), 
the overflow 
flag will be 


set if overflow 
or underflow 
occurred. 


Example 
10-String 
Subtraction 
with Signed Overflow 


Detection 


iSUBSTA 
SUBTRACT 
STRJNO 
INDICATED 
BV 
Al 


FROf'l 
STRINe: 
INDICoflTED 
BV 
AO 
TO 


PRECISION 
INDICATED 
BY 
RO! 


CHECK 
FOR 
SICNED 
UNDERFLOW 
WHEN 
DONE 


SUBSTR 
eLA 
SUBSl 
,",ov 
suss 
""V 
INC 
INC 
DJNl 


C 
• BORROW- 
0 


A.IRD 


A.IRt 
; SUBTRACT 
NEXT 
PLACE 
lAD. 
A 
AD 
• BUMP 
POINTERS 
., 


R;!. 
SUBSt 
,LOOP 
AS 
NEEDED 


WHEN 
DONE. 
TEST 
IF 
OVERFLOW 
OCCUAED 


ON 
LAST 
ITERAT[ON 
OF 
LOOP 
oV.O",_oK 


(OVERFLOW 
RECOVERY 
ROUTINE) 
; RETURN 


Decimal 
addition 
is possible 
by using the DA instruction 


in conjunction 
with ADD 
and/or 
ADDC. 
The eight-bit 


binary 
value in the accumulator 
resulting 
from an earlier 
addition 
of two variables 
(each a packed 
BCD digit-pair) 


is adjusted 
to form two BCD digits offour 
bits each. If the 


contents 
of accumulator 
bits 3-0 are greater 
than 
nine 


(xxxx 10Io-xxxx 
I II I), or if the AC flag had been set. six 


is added 
to the accumulator 
producing 
the proper 
BCD 


digit 
in the low-order 
nibble. 
(This addition 
might 
itself 


set - 
but would 
not clear - 
the carry flag.) If the carry 


flag is set, or if the four high-order 
bits now exceed 
nine 


(10 IOxxxx-il 
II xxxx), 
these bits are incremented 
by six. 


The 
carry 
flag 
is left set 
if originally 
set 
or 
if either 


addition 
of six produces 
a carry out of the highest-order 


bit, indicating 
the sum of the original 
two BCD variables 


is greater 
than 
or equal 
to decimal 
100. 


Example 
II - 
Two Byte Decimal 
Add with 
Registers 


and Constants 


seDADO 
Mev 
ADO 
OA 


MOV 


MOV 
AooC 
OA 


MOV 
OET 


A. 
R2 


A. _34H 


A 


R2.111 
A. R3 
A .• 
12H 


A 
A3. A 


The 
instruction 
"M ULAB" 
multiplies 
the 
unsigned 


eight-bit 
integer 
values 
held in the accumulator 
and 
B- 


registers. 
The low-order 
byte of the sixteen-bit 
product 
is 
left in the accumulator. 
the higher-order 
byte in B. If the 
high-order 
eight-bits 
of 
the 
product 
are 
all zero 
the 


overflow 
flag 
is 
cleared; 
otherwise 
it 
is 
set. 
The 


programmer 
can 
poll 
OY 
to 
determine 
when 
the 
B 


register 
is non-zero 
and must 
be processed. 


"DIY 
AB" divides 
the unsigned 
eight-bit 
integer 
in the 


accumulator 
by the unsigned 
eight-bit 
integer 
in the B- 


register. 
The Integer part of the quotient 
is returned 
in the 


accumulator; 
the remainder 
in the 
B-register. 
If the B- 


register 
originally 
contained 
OOH then the overflow 
flag 


will be set to indicate 
a division 
error. 
and 
the values 
returned 
will be undefined. 
Otherwise 
OY is cleared. 


The divide instruction 
is also useful for purposes 
such as 
radix 
conversion 
or 
separating 
bit 
fields 
of 
the 
accumulator. 
A short subroutine 
can convert 
an eight-bit 


unsigned 
binary 
integer in the accumulator 
(between 
0 & 


255) to a three-digit 
(two byte) BCD representation. 
The 
hundred's 
digit 
is returned 
in one register 
(HUND) 
and 


the 
ten's 
and 
one's 
digits 
returned 
as packed 
BCD 
in 


another 
(TENON 
E). 


Example 
12-Use 
of DIY 
Instruction 
for Radix 


Conversion 


iBINBCD 
CONVERT 
a-BIT 
BINARV 
VARIABLE 
IN 
Ace 


TO 
3-DIGIT 
PACKED 
oeD 
FORMAT 
HUNDREDS' 
PLACE 
LEFT 
IN 
VARIABLE 
'HUNO', 
TENS' 
AND 
ONES' 
PLACES 
IN 
'rENONE' 


B INSCO 
MOV 
OIV 


MOV 
""V 
'CM 
OIV 


B •• 
100 


AS 


MUND, 
A 


A •• 
10 
A. S 


AS 


· DIVIDE 
REMAINDER 
BY 
to 
TO 
· DETERMINE. 
OF TENS 
LEFT 


• TENS 
Dl~IT 
IN 
Ace, 
RE""INDER 
IS 
ONES 
· DIGIT 


The divide instruction 
can also separate 
eight bits of data 


in the accumulator 
into sub-fields. 
For example. 
packed 


BCD data 
may be separated 
into two nibbles 
by dividing 


the data 
by 16. leaving the high-nibble 
in the accumulator 


and the low-order 
nibble (remainder) 
in B. The two digits 


may then 
be operated 
on individually 
or in conjunction 


with each other. 
This example 
receives two packed 
BCD 


digits 
in the accumulator 
and returns 
the product 
of the 


two 
individual 
digits 
in packed 
BCD 
format 
in the 
accumulator. 


Example 
13 -Implementing 
a BCD 
Multiply 
Using 


MPY 
and 
DIY 


• DIVIDE 
INPUT 
BV 
Ib 


• A 
•• 
B 
HOLD 
SEPARATED 
DIG1TS 
• <EACH RIC:HT 
.JUSTIFIED 
IN 
REGISTER) 
• A 
HOLDS 
PRODUCT 
IN 
DINARV 
FORMAT 
10 
- 
; 99lDECHtALl 
• 
0 
- 
b3Hl 
• DIVIDE 
PRODUCT 
BY 
10 


• PI HOLDS. 
OF 
TENS 
B 
HOLDS 
REl"IAINDER 


Logical Byte Operations 
- 
ANL, ORL, XRL 


The 
instructions 
ANL. 
ORL. 
and 
XRL 
perform 
the 


logical functions 
AND, OR. and/or 
Exclusive-OR 
on the 
two 
byte variables 
indicated, 
leaving 
the results 
in the 


first. No flags are affected. 
(A word to the wise - 
do not 
vocalize 
the first two mnemonics 
in mixed 
company.) 


These operations 
may use all the same addressing 
modes 
as the arithmetics 
(ADD, 
etc.) but unlike the arithmetics, 


they are not restricted 
to operating 
on the accumulator. 


Directly 
addressed 
bytes r.Jay be used as the destination 


with either 
the accumulator 
or a constant 
as the source. 


These instructions 
are useful for clearing 
(ANL). 
setting 


(ORL), 
or complementing 
(XRL) 
one or more bits in a 


RAM. 
output 
ports, 
or control 
registers. 
The pattern 
of 


bits to be affected 
is indicated 
by a suitable 
mask 
byte. 


Use immediate 
addressing 
when the pattern 
to be affected 


is 
known 
at 
assembly 
time 
(Figure 
14); 
use 
the 
accumulator 
versions 
when 
the pattern 
is computed 
at 


run-time. 


1/0 
ports are often used for parallel 
data in formats 
other 


than 
simple 
eight-bit 
bytes. 
For example, 
the low-order 


five bits of port 
I may output 
an alphabetic 
character 
code (hopefully) 
without 
disturbing 
bits 7-5. This can be a 
simple 
two-step 
process. 
First. 
clear 
the low-order 
five 


pins with an ANL instruction; 
then set those 
pins corres- 
ponding 
to 
ones 
in the 
accumulator. 
(This 
example 


assumes 
the three 
high-order 
bits of the accumulator 
are 


originally 
zero.) 


Example 
14 - 
Reconfiguring 
Port 
Size with 
Logical 


Byte Instructions 


~ 
__ 
O_P_CO_d_.__ 
.11 
direcl address 
I ~I 
m_"_k 
__ 
••• 


PI. 


Figure 14, Instruction 
Pa«em 
for Logical Operation 
Special Addressing 
Modes 


In this 
example. 
low-order 
bits 
remaining 
high 
may 


"glitch" 
low for one machine 
cycle. If this is undesirable. 


use 
a 
slightly 
different 
approach. 
First. 
set 
all 
pins 


corresponding 
to accumulator 
one 
bits. then 
clear 
the 
pins corresponding 
to zeroes 
in low-order 
accumulator 
bits. Not all bits will change 
from 0riginal 
to final state at 


the 
same 
instant. 
but 
no 
bit 
makes 
an 
intermediate 


transition. 


Example 
15-Reconfiguring 
I/O 
Port 
Size without 


Glitching 


ALT_PI( 
ORL 
ORL 
ANL 
RET 


Program Control 
- 
Jumps, Calls, Returns 


Whereas 
the 
8048 only 
has a singI.e form 
of the simple 


jump 
instruction. 
the 
8051 has three. 
Each 
causes 
the 


program 
to unconditionally 
jump 
to some other address. 


They 
differ 
in how 
the 
machine 
code 
represents 
the 


destination 
address. 


LJM P (Long 
Jump) 
encodes 
a sixteen-bit 
address 
in the 


second 
and 
third 
instruction 
bytes 
(Figure 
15.a); the 
destination 
may be anywhere 
in the 64 Kilobyte 
program 
memory 
address 
space. 


The 
two-byte 
AJMP 
(Absolute 
Jump) 
instruction 


encodes 
its destination 
using the same format 
as the 8048: 
add,ess 
bits 
10 through 
8 form 
a three 
bit field in the 


opcode 
and address 
bits 7 through 
0 form the second byte 
(Figure 
15.b). Address 
bits 15-12 are unchanged 
from the 


(incremented) 
contents 
of the P.c.. 
so AJ M Pcan only be 
used when the destination 
is known to be within 
the same 


2K memory 
block. (Otherwise 
ASM51 
will point out the 


erroL) 


A different 
two-byte 
jump 
instruction 
is legal with any 
nearby 
destination. 
regardless 
of 
memory 
block 
boundaries 
or "pages." 
SJ M P (Short 
Jump) 
encodes 
the 
destination 
with a program 
counter-relative 
address 
in 


the second 
byte (Figure 
15.c). The 
CPU 
calculates 
the 


a.) long 
Jump 
(lJMP 
addr16): 


opcode 
II 
addr15 - 
addr8 II 
addr7 
- 
addrO 


ladd;10-+draG:dD I 
o_d_d'_' _-_O_dd_"'__ 
~ 


I : : >+.: : : 
"_,_elol"e_otlsel~ 


Figure 
15. Jump 
Instruction 
Machine 
Code 
Formats 


destination 
at run-time 
by adding 
the signed 
eight-bit 


displacement 
value 
to the 
incremented 
P.c. 
Negative 


offset values will cause jumps 
up to 128 bytes backwards; 


positive 
values 
up to 
127 bytes 
forwards. 
(SJMP 
with 


OOH in the machine 
code offset byte will proceed 
with th . 


following 
instruction). 


In 
keeping 
with 
the 
8051 assembly 
language 
goal 
of 


minimizing 
the number 
of instruction 
mnemonics. 
there 


is a 
"generic" 
form 
of 
the 
three 
jump 
instructions. 


ASM5l 
recognizes 
the 
mnemonic 
JMP 
as a "pseudo- 
instruction," 
translating 
it into the machine 
instructions 


LJ M P. AJ M P. or SJ M P. depending 
on the destination 


address. 


Like SJ M P. all conditional 
jump 
instructions 
use relative 


addressing. 
JZ 
(Jump 
if Zero) 
and 
JNZ 
(Jump 
if Not 


Zero) monitor 
the state of the accumulator 
as implied 
by 


their names. 
while JC (Jump 
on Carry) 
and JNC (Jump 


on No Carry) 
test whether 
or not the carry flag is set. All 


four are two-byte 
instructions. 
with the same format 
as 


Figure 
15.c. JB (Jump 
on Bit). JNB (Jump 
on No Bit) and 


JBC (Jump 
on Bit then Clear 
Bit) can test any status 
bit 


or input pin with a three byte instruction; 
the second 
byte 


specifies 
which bit to test and the third 
gives the relative 


offset 
value. 


There 
are 
two 
subroutine-call 
instructions. 
LCALL 


(Long 
Call) 
and 
ACALL 
(Absolute 
Call). 
Each 


increments 
the 
P.c. 
to the 
first 
byte 
of the 
following 


instruction. 
then pushes 
it onto the stack (low byte first). 


Saving 
both 
bytes increments 
the stack 
pointer 
by two. 


The subroutine's 
starting 
address 
is encoded 
in the same 


ways as LJMP 
and AJMP. 
The generic 
form of the call 
operation 
is the mnemonic 
CALL. 
which 
ASM51 
will 


translate 
into 
LCALL 
or ACALL 
as appropriate. 


The return 
instruction 
RET pops the high- and low-order 


bytes of the program 
counter 
successively 
from the stack. 


decrementing 
t he 
stack 
pointer 
by 
two. 
Program 
execution 
continues 
at the address 
previously 
pushed: 
the 
first 
byte 
of the 
instruction 
immediately 
following 
the 


call. 


When 
an 
interrupt 
request 
is recognized 
by the 
8051 


hardware. 
two 
things 
happen. 
Program 
control 
is 


automatically 
"vectored" 
to one of the interrupt 
service 


routine 
starting 
addresses 
by. in effect. forcing 
the CPU 


to process 
an 
LCALL 
instead 
of the 
next 
instruction. 


This automatically 
stores the return 
address 
on the stack. 


(Unlike 
the 8048. no status 
information 
is automatically 


saved.) 


Secondly. 
the interrupt 
logic is disabled 
from accepting 


any 
other 
interrupts 
from 
the 
same 
or lower 
priority. 


After completing 
the interrupt 
service routine. 
executing 


an RETI 
(Return 
from 
Interrupt) 
instruction 
will return 
execution 
to the point 
where 
the background 
program 


was interrupted 
- 
just 
like RET 
- 
while restoring 
the 


interrupt 
logic to its previous 
state. 


Operate-and-branch 
Instructions - 
CJNE, DJNZ 


Two 
groups 
of instructions 
combine 
a byte operation 


with a conditional 
jump 
based 
on the results. 


CJNE 
(Compare 
and Jump 
if Not Equal) compares 
two 


byte operands 
and executes 
a jump 
if they disagree. 
The 


carry 
flag is set following 
the rules for subtraction: 
if the 


unsigned 
integer 
value 
of the first operand 
is less than 


that 
of the 
second 
it is set; 
otherwise, 
it is cleared. 


However, 
neither 
operand 
is modified. 


The 
CJNE 
instruction 
provides, 
in 
effect, 
a 
one- 


instruction 
"case" 
statement. 
This 
instruction 
may 
be 


executed 
repeatedly, 
comparing 
the code variable 
to a list 


of "special 
case" 
value: 
the code segment 
following 
the 


instruction 
(up to the destination 
label) will be executed 


only if the operands 
match. 
Comparing 
the accumulator 


or a register 
to a series of constants 
is a convenient 
way to 


check for special 
handling 
or error conditions; 
if none of 


the cases match 
the program 
will continue 
with "normal" 


processi ng. 


A typical 
example 
might 
be a word 
processing 
device 


which 
receives 
ASCII 
characters 
through 
the serial port 


and 
drives 
a thermal 
hard-copy 
printer. 
A standard 


routine 
translates 
"printing" 
characters 
to bit patterns, 
but control 
characters 
l<DEL>. 
<CR>. 
<LF>. 
<BEL>. 


<ESC>. 
or <SP» 
must 
invoke 
corresponding 
special 


routines. 
Any other 
character 
with an ASCII 
code less 
than 
20H should 
be translated 
into 
the<NUL>value, 


OOH. and 
processed 
with the printing 
characters. 


Example 
16-Case 
Statements 
Using CJNE 


CHAR 
Eau 


INTERP 
C.JNE 


RET 


INTP -I 
C,)NE 


RET 
INTP _2 
C"NE 


RET 


INTP -3 
C.!NE 


RET 


INTP -. 
C.!NE 


Rn 


INTP -' 
CJNE 


Rn 


INTP _. 
JC 


MoV 


PR 
INlC 


PRINTC 
• .Jut'lP 
IF 
CODE) 
20H 
CHAR .• 
O 
. REPLACE 
CONTROL 
CHARACTERS 
WITH 


· 
NULL 
CODE 


· PROCESS 
STANDARD 
PRINTlNQ 


• 
CHARACTER 


DJNZ 
(Decrement 
and 
Jump 
if Not Zero) decrements 


the register 
or direct 
address 
indicated 
and jumps 
if the 
result 
is 
not 
7ero. 
without 
affecting 
any 
flags. 
This 
provides 
a simple 
means 
for executing 
a program 
loop a 


given 
number 
of times, 
or for adding 
a moderate 
time 


delay 
(from 
2 to 
512 machine 
cycles) 
with 
a single 


instruction. 
For example, 
a 99-usec. software 
delay loop 


can be added 
to code 
forcing 
an I/O 
pin low with only 
two instructions. 


CLR 
WR 


I10V 
R2 •• 
49 
D..JNZ 
R2," 


SETB 
WR 


The 
dollar 
sign 
in this 
example 
is a special 
character 


meaning 
"the address 
of this instruction." 
It is useful 
in 
eliminating 
instruction 
labels 
on the same 
or adjacent 
source 
lines. 
CJNE 
and 
DJNZ 
(like 
all 
conditional 
jumps) 
use program-counter 
relative 
addressing 
for the 


destination 
address. 


Stack Operations 
- 
PUSH, POP 


The 
PUSH 
instruction 
increments 
the stack 
pointer 
by 
one. then transfers 
the contents 
of the single byte variable 


indicated 
(direct addressing 
only) into the internal 
RA M 


location 
addressed 
by the 
stack 
pointer. 
Conversely. 


POP 
copies 
the contents 
of the internal 
RA M location 


addressed 
by 
the 
staek 
pointer 
to 
the 
byte 
variable 


indicated, 
then decrements 
the stack 
pointer 
by one. 


(Stack 
Addressing 
follows 
the same rules. and addresses 


the same 
locations 
as Register-indirect. 
Future 
micro- 
computers 
based on the MCS-51 ,. CPU could have up to 


256 bytes of RAM 
for the stack.) 


Interrupt 
service 
routines 
must not change 
any variable 
or hardware 
registers 
modified 
by the main program, 
or 
else 
the 
program 
may 
not 
resume 
correctly. 
(Such 
a 
change 
might 
look 
like a spontaneous 
random 
error.) 


Resources 
used 
or 
altered 
by 
the 
service 
routine 
(Accumulator. 
PSW, etc.) must be saved and restored 
to 


their 
previous 
value 
before 
returning 
from 
the service 


routine. 
PUSH 
and 
POP 
provide 
an 
efficient 
and 


convenient 
way to save register 
states 
on the stack. 


Example 
18 - 
Use of the Stack 
for Status 
Saving 
on 
Interrupts 


· SAVE 
ACCUMULATOR 
(NOTE 
DIRECT 
ADDRESSJNC: 
· 
NQr",TION> 


· SAVE 
B 
REC:ISTER 


• SAVE 
DATA 
POINTER 
•OPL 


DPH 
PSW. 
_000010008 
. SELECT 
REGISTER 
BAHK 
1 


; RESTORE 
PSW 
AND 
RE-SELECT 
ORIGINAL 


· 
REQJ5TER 
BANK 
,RETURN 
TO 
MAIN 
PROGRAM 
AND 
RESTORE 


; 
INTERRUPT 
LOGIC 


If the 
SP 
register 
held 
IFH 
when 
the 
interrupt 
was 


detected. 
then 
while the service 
routine 
was in progress 


the stack would hold the registers 
shown in Figure 
16; SP 


would 
contain 
26H. 


The 
example 
shows 
the 
most 
general 
situation; 
if the 
service 
routine 
doesn't 
alter 
the 
B-register 
and 
data 


pointer, 
for 
example. 
the 
instructions 
saving 
and 


restoring 
those 
registers 
would 
not be necessary. 


The 
stack 
may 
also 
pass 
parameters 
to 
and 
from 


subroutines. 
The subroutine 
can 
indirectly 
address 
the 


parameters 
derived 
from 
the 
contents 
of 
the 
stack 
pointer. 


RAM 
ADDR 


7FIj 


OPH 


OPL 


B 


ACC 


PSW 


" 


PC (HIGH) 


PC (LOW) 


, 


One advantage 
here is simplicity. 
Variables 
need not be 


allocated 
for 
specific 
parameters, 
a potentially 
large 
number 
of 
parameters 
may 
be 
passed, 
and 
different 


calling 
programs 
may 
use 
different 
techniques 
for 
determining 
or handling 
the variables. 


For 
example, 
the 
following 
subroutine 
reads 
out 
a 
parameter 
stored 
on the stack 
by the calling 
program. 
uses the low order 
bits to access 
a local look-up 
table 
holding 
bit patterns 
for driving 
the coils of a four phase 


stepper 
motor, 
and 
stores 
the appropriate 
bit pattern 
back in the same position 
on the stack 
before 
returning. 
The accumulator 
contents 
are left unchanged. 


Example 
19 - 
Passing 
Variable 
Parameters 
to Sub- 


routines 
Using the Stack 


NXTPOS 
Mev 


DEC 
DEC 


XCH 


RD. 
SP 


RD 


RD 


A,@RQ 
; READ 
INPUT 
PARAMETER 
AND 
SAVE 


• 
.ACCUMULATOR 


• MAS •••. ALL 
aUT 
LOW-ORDER 
TWO 
BITS 


,ALLOW 
FOR 
OFFSET 
FROM 
Move 
TO 
lADLE 


• READ 
LOOK-UP 
TABLE 
ENTRY 


,PASS 
SACI'i 
TRANSLATED 
VALUE 
AND 
RESTORE 
, 
Ace 


,RETURN 
TO 
BAClol.GROVND 
PROGRAM 


01101111B 
;POSrTION 
0 
010111118 
,POSITION 
1 
100111118 
,POSITION 
2 
101011118 
; POSITION 
:J 


A •• 
03H 


A, *2 
Po,l!"+PC 
A, 
eRO 


RET 
STPTBL 
DB 


DB 


DB 


DB 


The background 
program 
may reach this subroutine 
with 


several 
different 
calling 
sequences, 
all of which 
PUSH 
a 


value before calling the routine 
and POP the result after. 


A motor 
on 
Port 
I may 
be initialized 
by placing 
the 


desired 
position 
(zero) 
on the stack 
before 
calling 
the 


subroutine 
and 
outputing 
the results 
directly 
to a port 


afterwards. 


Example 
20 - 
Sending 
and Receiving 
Data 
Parameters 


Via the Stack 


CLR 
A 
PUSH 
Ace 


CALL 
NXTPOS 
POP 
PI 


If the position 
of the motor 
is determined 
by the contents 


of variable 
POS M I (a byte in internal 
RA M) and 
the 


position 
of a second 
motor 
on Port 2 is determined 
by the 


data 
input 
to the 
low-order 
nibble 
of 
Port 
2, a six- 
instruction 
sequence 
could 
update 
them 
both. 


Example 
21 - 
Loading 
and 
Unloading 
Stack 
Direct 


from 
I/O 
Ports 


POSI'l! 
EOU 
51 


PUSH 
POSMl 
CALL 
NXTP05 


POP 
PI 


PUSH 
P2 


CALL 
NXTPOS 
POP 
P2 


Data Pointer 
and Table 
Look-up 
instructions 
- 
MOV, INC, MOVC, 
JMP 


The data 
pointer 
can be loaded 
with a 16-bit value using 


the instruction 
MOV 
DPTR, 
#data 16. The data 
used is 


stored 
in the second 
and 
third 
instruction 
bytes, 
high- 
order 
byte first. The data 
pointer 
is incremented 
by INC 


DPTR. 
A 
16-bit increment 
is performed; 
an overflow 


from 
the 
low byte 
will carry 
into 
the high-order 
byte. 


Neither 
instruction 
affects 
any flags. 


The 
MOVC 
(Move 
Constant) 
instructions 
(MOVC 


A,@A+DPTR 
and 
MOVC 
A,@A+PC) 
read 
into 
the 


accumulator 
bytes 
of data 
from 
the program 
memory 


logical 
address 
space. 
Both 
use 
a 
form 
of 
indexed 


addressing: 
the 
former 
adds 
the 
unsigned 
eight-bit 


accumulator 
contents 
with the sixteen-bit 
data 
pointer 


register, 
and uses the resulting 
sum as the address 
from 


which 
the 
byte 
is fetched. 
A sixteen-bit 
addition 
is 


performed; 
a carry-out 
from the low-order 
eight bits may 


propagate 
through 
higher-order 
bits, but the contents 
of 


the DPTR 
are not altered. 
The latter form uses the incre- 
mented 
program 
counter 
as the "base" 
value 
instead 
of 


the DPTR 
(figure 
17). Again, 
neither 
version 
affects 
the 


flags. 


a·1 
Move 
A. @ A .•. PC 
(LOCAL 
TABLE 
LOOK-UP) 


16-BIT 
I P.C 


~ACC 


b.) 
MOVC A.@ A+ OPTR 
(GLOBAL 
TABLE 
LOOK-UP) 


16-BIT 
I DPTR 


~ACC 


c.) 
JMP @ A+ OPTR 
(GLOBAL 
INDIRECT 
JUMP) 


16-BIT 
I OPTR 


~ACC 


Each can be part of a three step sequence 
to access look- 


up tables 
in ROM. 
To use the DPTR-relative 
version. 
load the Data 
Pointer 
with the starting 
address 
of a look- 


up table; 
load 
the 
accumulator 
with (or compute) 
the 


index 
of 
the 
entry 
desired; 
and 
execute 
MOVC 


A.@A+DPTR. 
Unlike 
the similar 
MOVP3 
instructions 
in 
the 
8048. 
the 
table 
may 
be 
located 
anywhere 
in 


program 
memory. 
The data pointer 
may be loaded with a 


constant 
for short 
tables. 
Or to allow more complicated 


data 
structures. 
or tables with more than 256 entries. 
the 


values for DPH 
and DPL may be computed 
or modified 


with the standard 
arithmetic 
instruction 
set. 


The 
PC-relative 
version 
has 
the 
advantage 
of 
not 


affecting 
the 
data 
pointer. 
Again. 
a look-up 
sequence 


takes 
three 
steps: 
load the accumulator 
with the index; 
compensate 
for the offset from the look-up 
instruction 
to 
the 
start 
of the 
table 
by adding 
the 
number 
of bytes 


separating 
them 
to the 
accumulator; 
then 
execute 
the 


MOVC 
A.@A+PC 
instruction. 


Let's look at a non-trivial 
situation 
where this instruction 


would 
be 
used. 
Some 
applications 
store 
large 
multi- 


dimensional 
look-up 
tables 
of dot matrix 
patterns. 
non- 


linear 
calibration 
parameters. 
and so on in a linear (one- 


dimensionall) 
vector 
in program 
memory. 
To 
retrieve 


data 
from 
the 
tables. 
variables 
representing 
matrix 


indices 
must be converted 
to the desired 
entry's 
memory 


address. 
For 
a 
matrix 
of 
dimensions 
(MOl MEN 
x 
NDIMEN) 
starting 
at 
address 
BASE 
and 
respective 


indices 
INDEXI 
and 
INDEXJ. 
the address 
of element 


(lNDEXI. 
INDEXJ) 
is determined 
by the formula. 


Entry 
Address 
= BASE 
+ (NDIMEN 
x INDEXI) 
+ 


INDEXJ 
The code shown below can access any array with less than 
255 entries 
(i.e .. an II x21 array 
with 231 elements). 
The 


table 
entries 
are 
defined 
using 
the 
Data 
Byte ("DB") 


directive. 
and 
will be contained 
in the assembly 
object 


code as part 
of the accessing 
subroutine 
itself. 


Example 
22-Use 
of MPY 
and 
Data 
Pointer 
Instruc- 
tions 
to Access 
Entries 
from 
a Multi- 
dimensional 
Look-Up 
Table 
in ROM 


,MATH'll! 
LOAD 
CONSTANT 
READ 
FROM 
TWO 
DIMENSIONAL 
LOOK-UP 


TABLE 
IN 
PROGRAM 
MEMORY 
INTO 
ACCUMULATOR 


USING 
LOCAL 
TADLE 
LOQIol,-UP 
INSTRUCTION. 
'Move 
A. 
~A+PC 


THE 
TOTAL 
NUMBER 
OF 
TABLE 
ENTRIES 
IS 
ASSUMED 
TO 
BE 
SMALL. 
I 
E 
LESS 
THAN 
ABOUT 
250 
ENTH 
I ES 
) 
TABLE 
USED 
IN 
THIS 
EXAMPLE 
IS 
( 
11 
)( 21 
) 


DESIRED 
ENTRY 
ADDRESS 
IS 
GIVEN 
BY 
THE 
FORMULA, 
e 
(BASE 
ADDRESS) 
+ 
(21 
)( 
INDEXI) 
.•. 
(INOEXJl 
] 


MATFIXI 
1'10\,1 
A, 
INDEX! 


MOV 
D •• 
21 


MUL 
AS 


ADD 
A. 
INDEX,) 


ALLOW 
FOR 
INSTRUCTION 
BYTE 
DETWEEN 
"Move" 
AND 
ENTRY 
(0,0) 


INC 
A 
MOye 
A, .A+PC 


RET 
BASEl 
DB 
• (('ntry 
0.0) 
DB 
; (.ntr~ 
O. 
1) 


There 
are 
several 
different 
means 
for 
branching 
to 


sections 
of code determined 
or selected 
at run time. (The 
single 
destination 
addresses 
incorporated 
into 
conditional 
and 
unconditional 
jumps 
are. 
of 
course. 


determined 
at assembly 
time). 
Each has advantages 
for 


different 
applications. 


The most common 
is an N-way conditional 
jump 
based 
on s9me 
variable. 
with all of the potential 
destinations 


known 
at 
assembly 
time. 
One 
of a number 
of small 


routines 
is selected 
according 
to the value 
of an index 


variable 
determined 
while the program 
is running. 
The 


most 
efficient 
way 
to solve 
this 
problem 
is with 
the 


MOVC 
and an indirect 
jump 
instruction. 
using a short 
table 
of one byte 
offset 
values 
in ROM 
to indicate 
the 


relative 
starting 
addresses 
of the several 
routines. 


JMP 
@A+DPTR 
is an instruction 
which 
performs 
an 


indirect 
jump 
to an address 
determined 
during 
program 
execution. 
The 
instruction 
adds 
the eight-bit 
unsigned 


accumulator 
contents 
with the contents 
of the sixteen-bit 
data 
pointer. 
just 
like 
MOVC 
A.@A+DPTR. 
The 


resulting 
sum is loaded 
into the program 
counter 
and is 


used as the address 
for subsequent 
instruction 
fetches. 
Again. 
a sixteen-bit 
addition 
is performed; 
a carry 
out 
from the low-order 
eight bits may propagate 
through 
the 


higher-order 
bits. 
In this case. neither 
the accumulator 
contents 
nor the data 
pointer 
is altered. 


The example 
subroutine 
below reads a byte of RA Minto 


the 
accumulator 
from 
one 
of 
four 
alternate 
address 
spaces. 
as 
selected 
by 
the 
contents 
of 
the 
variable 


MEMSEL. 
The 
address 
of 
the 
byte 
to 
be 
read 
is 


determined 
by the contents 
of RO (and optionally 
R I). It 
might 
find use in a printing 
terminal 
application. 
where 


four different 
model printers 
all use the same 
ROM code 


but use different 
types 
and 
sizes of buffer 
memory 
for 


different 
speeds 
and options. 


Example 
23 - 
N- Way Branch 
and 
Computed 
Jump 
Instructions 
via JMP 
@ ADPTR 


,JUMP _4 
MQV 
A. MEMSEL 


MQV 
OPTR •• 
,JI"'IPTBL 


Move 
A .• 
A+DP1R 


..JI'1P 
*A+OPTR 


JMPTBL 
DB 
MEMSPO-,JMPTfJL 


DB 
MEMSP l-,JI'1PTBL 
DB 
MEMSP2-,JMPTBL 
DB 
MEMSPJ-,JMPTDL 


MEMSPO 
MOV 
A,@RD.READ 
FROM 
INTERNAL 
RAM 


RET 


MEMSP 
1 
MOVX 
A, 
(fRO 
,READ 
FROM 
256 
BYTES 
OF 
EXTERNAL 
RAM 


RET 


MEMSP2 
MOV 
DPL. 
RQ 


MOV 
DPH, 
RI 


MOVX 
A,@OPTR,READ 
FROM 
b41l. 
BYTES 
OF 
EXTERNAL 
RAM 


RET 


MEMSP3 
/"IOV 
Po, R 1 


ANL 
Po,.07H 


ANL 
Pl •• 
l1111000B 


ORL 
PI. 
A 
MOVX 
A. 
@RD 
• READ 
FROM 
41'., BYTES 
OF 
EXTERNAL 
RAM 


RET 


Note that 
this approach 
is suitable 
whenever 
the size of 


jump 
table plus the length of the alternate 
routines 
is less 


than 
256 bytes. 
The jump 
table 
and 
routines 
may 
be 


located 
anywhere 
in program 
memory. 
independent 
of 


256-byte 
program 
memory 
pages. 


For applications 
where 
up to 128 destinations 
must 
be 


selected, 
all of which 
reside 
in the 
same 
2K page 
of 
program 
memory 
which may be reached 
by the two-byte 
absolute 
jump 
instructions. 
the following 
technique 
may 
be 
used. 
In 
the 
above 
mentioned 
printing 
terminal 
example, 
this sequence 
could "parse" 
128 different 
codes 
for ASCII 
characters 
arriving 
via the 8051 serial port. 


Example 
24-N-Way 
Branch 
with 
128 Optional 
Destinations 


OPTION 
EOU 


.JMP1~8 
""V 
RL 
""V 
OMP 


INSTBL 
_OMe-- 
_.JI1P 
-- 
AJI"lP 


A. 
OPTION 
- 
DPTP:, 
_INSTDL 


.",.DPTA 


The 
destinations 
in 
the 
jump 
table 
(PROCOo- 


PROC7F) 
are not all necessarily 
unique 
routines. 
A large 
number 
of special control 
codes could each be processed 
with 
their 
own 
unique 
routine, 
with 
the 
remaining 
printing 
characters 
all causing 
a branch 
to a common 
routine 
for entering 
the character 
into the output 
queue. 


In 
those 
rare 
situations 
where 
even 
128 options 
are 
insufficient, 
or where the destination 
routines 
may cross a 
2K page boundary, 
the above approach 
may be modified 


slightly 
as shown 
below. 


Example 
25 - 
256- Way Branch 
Using Address 
Look- 
Up Tables 


.JI'1P~~h 
I10V 
DP1R .• 
AORTBL 
. FIRST 
ENTRY 
IN 
TABLE 
OF 
ADDRESSES 


I'IOV 
A. 
OPTION 


CLA 
C 


RLe 
A 
. MULTIPLY 
BY 
;! 
FOR 
2 
BYTE 
..JUMP 
fAilLE 


.)Ne 
LOW128 


INe 
[)PH 


LOW128 
,",OY 
RTEMP. 
A 
• SAllE 
Ace 
FOR 
HICH 
BYTE 
READ 


Move 
A •• 
",+OPTR 
• READ 
LOW 
BYTE 
FADM 
JUMP 
TABLE 


XCH~ 
A. RTE"" 
INe 
A 


P10VC 
Ill•• 
"'+OPTR 
. GET 
LOW-ORDER 
BYTE 
FRQf'I 
TABLE" 


PUSH 
Ace 


I'1QY 
A. 
RTEMP 


Move 
A .• 
".OPTA 
. eET 
HIGH-ORDER 
BYTE 
FRGM 
lADLE 


PUSH 
Ace 


THE 
TWO 
Ace 
,.U5HES 
HAIlE 
PRODUCED 


A 
"RETURN 
ADDRESS" 
ON 
THE 
STACK 
WHICH 
CORRESPONDS 


TO 
THE 
DES 
I RED 
5 T AA 
T J HO 
ADDRESS 


IT 
MY 
8E 
REACHED 
BY 
PQPPINC 
THE 
STACK 


INTO 
THE 
PC 


RET 


PRQCOO 
NQP 
PROCOI 
NaP 


PROt02 
NOP 


PAOC7E 
NOP 


PAQC7F 
NOP 


PAOCFF 
HOP 


4, BOOLEAN 
PROCESSING 
INSTRUCTIONS 


The commonly 
accepted 
terms for tasks at either end of 
the computational 
vs. control 
application 
spectrum 
are, 


respectively, 
"number-crunching" 
and 
"bit-banging". 


Prior 
to the introduction 
of the MCS-51'· 
family, 
nice 


number-crunchers 
made bad bit-bangers 
and vice versa. 


The 
8051 
is 
the 
industry's 
first 
single-chip 
micro- 


computer 
designed 
to crunch 
and bang. (In some circles. 


the latter 
technique 
is also referred 
to as "bit-twiddling". 


Either 
is correct.) 


Direct Bit Addressing 


A number 
of instructions 
operate 
on Boolean 
(one-bit) 
variables. 
using a direct 
bit addressing 
mode comparable 


to direct byte addressing. 
An additional 
byte appended 
to 


the opcode 
specifies 
the 
Boolean 
variable. 
I 0 pin, 
or 


control 
bit used. 
The state 
of any of these 
bits may be 


tested 
for "true" 
or "false" 
with the conditional 
branch 


instructions 
JB (Jump 
on Bit) and JNB 
(Jump 
on Not 


Bit). 
The 
JBC 
(Jump 
on 
Bit and 
Clear) 
instruction 
combines 
a test-for-true 
with an unconditional 
clear. 


As in direct 
byte addressing, 
bit 7 of the address 
byte 


switch~s 
between 
two 
physical 
address 
spaces. 
Values 


between 
0 and 
127 (00H-7FH) 
define 
bits 
in internal 
RAM 
locations 
20H to 2FH (Figure 
18a); address 
bytes 


between 
128 and 
255 (80H-OFFH) 
define 
bits in the 2 x 


"special-function" 
register 
address 
space (Figure 
18b). If 


no 
2 x "special-function" 
register 
corresponds 
to the 


direct 
bit address 
used 
the 
result 
of the 
instruction 
is 


undefined. 


Bits so addressed 
have many wondrous 
properties. 
They 


may be set, cleared, 
or complemented 
with the two byte 


instructions 
SETB. 
CLR. 
or CPL. 
Bits may be moved 
to 


and from the carry flag with MOV. The logical ANL and 
ORL 
functions 
may be performed 
between 
the carry and 


either 
the addressed 
bit or its complement. 


The 
"MOV" 
mnemonic 
can 
be 
used 
to 
load 
an 


addressable 
bit into the carry 
flag ("MOV 
C. bit") or to 


copy the state of the carry to such a bit ("MOV 
bit. CO). 


These instructions 
are often used for implementing 
serial 


I/O algorithms 
via software 
or to adapt the standard 
I 0 


port 
structure. 


It is sometimes 
desirable 
to "re-arrange"the 
order of I 0 


pins 
because 
of considerations 
in laying 
out 
printed 


circuit 
boards. 
When 
interfacing 
the 
8051 
to 
an 


immediately 
adjacent 
device with "weighted" 
input pins, 


such 
as .keyboard 
column 
decoder. 
the 
corresponding 


pins are likely to be not aligned 
(Figure 
19). 


There 
is a trade-off 
in "scrambling" 
the interconnections 


with 
either 
interwoven 
circuit 
board 
traces 
or through 


software. 
This 
is 
extremely 
cumbersome 
(if 
not 


impossible) 
to 
do 
with 
byte-oriented 
computer 


architectures. 
The 
8051's 
unique 
set 
of 
Boolean 


instructions 
makes 
it simple 
to move 
individual 
bits 


between 
arbitrary 
locations. 


L) 
RAM Bit Addresses. 


RAM 
8YTE 
(MS8) 
1 


b.) 
Hardware 
Regi.ter 
BII Addre.se 
•. 


Direct 
Bit Addresse. 
Hardware 
8yt. 
(M'8) 
(LS8) 
Regl.ter 


Addre •• 
Symbol 


OF'H 


OFOH 
F7 
'0 
8 


OEOH 
E7 
EO 
ACC 


OOOH 
07 
DO 
PSW 


llB8H 
88 
IP 


OBOH 
87 
80 
P3 


OA8H 
A' 
1.8 
IE 


OAOH 
A7 
1.0 
P2 


98H 
9. 
98 
SCON 


90H 
97 
90 
P1 


88H 
8. 
88 
TCON 


80H 
87 
80 
PO 


(LS8) 
1 


7. 
7E 
70 
7C 
78 
71. 
79 
78 


77 
76 
75 
74 
73 
n 
71 
70 


6. 
ll€ 
6D 
6C 
68 
•... 
69 
•• 


67 
•• 
65 
•• 
63 
62 
61 
60 


5' 
5E 
50 
5C 
58 
51. 
59 
58 


57 
58 
55 
54 
53 
52 
51 
50 


4' 
4£ 
40 
4C 
48 
41. 
49 
•• 


47 
•• 
45 
•• 
43 
42 
41 
40 


3' 
3E 
3D 
3C 
38 
3A 
39 
38 


37 
38 
35 
34 
33 
32 
31 
30 


2. 
2E 
20 
2C 
28 
21. 
29 
28 


27 
26 
25 
24 
23 
22 
21 
20 
,. 
1E 
10 
1C 
18 
11. 
19 
18 


17 
16 
15 
14 
13 
12 
11 
10 


OF 
OE 
GO 
OC 
08 
01. 
09 
08 


07 
06 
05 
04 
03 
02 
01 
00 


&.nk 
3 


Bank 2 


Bank 1 


Bank 0 


ALE 


PSEN 


P2.7 


(LS8) 
1.0 
P2.6 


8351 
P2.5 
1.1 


8751 


P2.4 
1.2 


DECODER 


P2.3 
1.3 


P2.2 
... 


P2.1 


P2.0 


Figure 
19. "Mismatch" 
Between 
I/O 
port 


Decoder 


oUT_PZ 
RRC 


MoV 


RRC 


MoV 


RRC 


MOV 


RRC 


MOV 


RRC 


MoV 


RET 


A 
P2 6. C 


A 
P2 
!I. C 


A 
P2 
-4.C 


A 
P2 3. C 


A 
P2 
2. C 


• MOVE oRIGINItL 
ACC 
0 
INTO 
CY 


; STORE 
CARRY 
TO 
PIN 
P26 
.I'IOVE 
ORIGINAL 
ACC 
1 
INTO 
CY 


; STORE 
CARRY 
TO 
PIN 
P2:i 
./"IOVE 
ORIGINAL 
ACC 
;2 INTO 
CY 


• STORE 
CARRY 
TO 
PIN 
P2-4 
• MOVE ORIGINAL 
ACC 
3 
INTO 
CY 


; STORE 
CARRY 
TO 
PIN 
P023 
• 
; MOVE ORIGINAL 
ACC 
-4 INTO 
CY 


; STORE 
CARRY 
TO 
PIN 
P22 


Virtually 
all hardware 
designers 
are 
familiar 
with 
the 


problem 
of 
solving 
complex 
functions 
using 


combinatorial 
logic. The technologies 
involved 
may vary 


greatly. 
from multiple 
contact 
relay logic. vacuum 
tubes. 


TTL. or CMOS 
to more esoteric 
approaches 
like fluidics. 


but 
in 
each 
case 
the 
goal 
is the 
same: 
a 
Boolean 


and 
(true/false) 
function 
is 
computed 
on 
a 
number 
of 


Boolean 
variables. 


Figure 
20 shows 
the 
logic 
diagram 
for 
an 
arbitrary 
function 
of 
six 
variables 
named 
U through 
Z using 
standard 
logic and relay logic symbols. 
Each is a solution 


of the equation. 


Q = (U • (V + W)) + (X. Y) + Z 


(While 
this equation 
could 
be reduced 
using 
Karnaugh 


Maps or algebraic 
techniques. 
that is not the purpose 
of 
this 
example. 
Even 
a minor 
change 
to 
the 
function 


equation 
would 
require 
re-reducing 
from scratch.) 


Most digital 
computers 
can solve equations 
of this type 
with 
standard 
word-wide 
logical 
instructions 
and 


conditional 
jumps. 
Still. 
such 
software 
solutions 
seem 


somewhat 
sloppy 
because 
of the many paths through 
the 
program 
the computation 
can take. 


Assume 
U and 
V are input 
pins being read by different 
input 
ports. 
Wand 
X are status 
bits for two peripheral 


controllers 
(read as I/O ports). 
and Y and Z are software 
flags set or cleared 
earlier 
in the program. 
The end result 


must 
be written 
to an output 
pin on some 
third 
port. 


For 
the 
sake 
of comparison 
we will 
implement 
this 
function 
with software 
drawn 
from three 
proper 
subsets 
of 
the 
MCS-51'· 
instruction 
set. 
The 
first 
two 
implementations 
follow 
the flow chart 
shown 
in Figure 
21. Program 
flow would 
embark 
on a route down a test- 


and-branch 
tree and 
leaves 
either 
the 
"True" 
or "Not 
True" exit ASAP. 
These exits then write the output 
port 


with the data 
previously 
written 
to the same port with the 
result 
bit respectively 
one or zero. 


In the first case. we assume 
there are no instructions 
for 


addressing 
individual 
bits other than special flags like the 
carry. 
This is typical 
of many older microprocessors 
and 


mainframe 
computers 
designed 
for number-crunching. 
MCS-51'· 
mnemonics 
are 
used 
here. 
though 
for most 


other 
machines 
the issue would 
be even further 
clouded 


by 
their 
use 
of 
operation-specific 
mnemonics 
like 


INPUT. 
OUTPUT. 
LOAD. 
STORE. 
etc .. instead 
of the 


universal 
MOV. 


Figure 21. Flow chart for tree-branching 
logic 


implementation 


27 - 
Software 
Solution 
to Logic 
Function 
of 
Figure 
20, Using only Byte-Wide 
Logical 
Instructions 


SOLliE 
A 
RANOOf'l 
LOGIC 
FUNCTION 
OF 6 


VARIABLES 
BY 
LOADING 
AND 
MASKING 
THE 
APPROPRIATE 


BITS 
IN 
THE 
ACCUMULATOR, 
THEN 
ElCECUTING 
CONDITIONAL 


.JUMPS 
BASED 
ON 
ZERO 
CONDITION 


(APPROACH 
USED 
BY 
BYTE-ORIENTED 
ARCHITECTURES 
l 


BYTE 
AND 
MASK 
VALUES 
CORRESPOND 
TO 
RESPECTIVE 


BYTE 
ADDRESS 
AND 
BIT 
POSITION 


TEST 
V 
May 
A. 
P02 


ANL 
A.loooOO1008 


.lNZ 
TES1U 
May 
A. 
TeON 


ANL 
A. lOa 1000000 


JZ 
TESTX 
TESTU 
May 
A, Pi 


ANL 
A.IOOOOOOI0D 


.lNZ 
SETO 


TEST 
X 
MaY 
A. 
TeON 


AN<. 
A.loooo10008 


JZ 
TESTl 
MOY 
A.2OO 
ANL 
A.IOooooo018 


JZ 
SETa 


TESTZ 
MOY 
A.21M 


ANL 
A.IOOOOooI09 


JZ 
SETO 


CLRO 
May 
A. 
QUT8UF 
ANL 
A.II11101119 


,)MP 
OUTO 


SETO 
MaY 
A. 
OUTBUF 


ORL 
A.loooo10008 


OOTO 
May 
OUTBUF. 
A 
MaY 
P3, 
A 


Cumbersome, 
to say the least, and error prone. 
It would 


be hard 
to prove the above 
example 
worked 
in all cases 


without 
an exhaustive 
test. 


Each 
move/mask/conditional 
jump 
instruction 


sequence 
may be replaced 
by a single bit-test 
instruction 


thanks 
to direct 
bit addressing. 
But the algorithm 
would 


be equally 
convoluted. 


Example 
28 - 
Software 
Solution 
to Logic 
Function 
of 
Figure 
20, Using only 
Bit-Test 
Instructions 


• BFUNC2 
SOLVE 
A 
RANDOM 
LOQIC 
FUNCTION 
OF 
6 
VARIABLES 
BY 
DIRECTLY 
POLLI~ 
EACH 
BIT 


(APPROACH USING 
rotCS-'1 
VNICJUE 
BIT-TEST 
INSTRUCTION 
CAPABILITY 
I 


SYMBOLS 
USED 
IN 
LOQIC 
DIAQRAM 
ASSIQNED 
TO 
COFlRESPONDINQ 
80:11 
BIT 
ADDRESSES 


PI 
I 
P2 
2 
TFO 
lEI 
2"" 
a 
21 •.• 
1 


P3 
3 


TEST_Y 
..JB 


JNB 


TEST 
U 
..JB 


TEsr::::x 
..JNB 
JNB 


TEST 
Z 
..JNB 


CLRji 
CLFl 
JMP 


SET 
0 
SETB 


NXTTST 


V. 
TEST_U 


W, TEST_X 


u. 
SET_O 


X. 
TEST 
Z 


Y. 
SET ji 


Z. 
SET_O 


o 


NXTTST 
o 


A more 
elegant 
and efficient 
8051 implementation 
uses 


the 
Boolean 
ANL 
and 
ORL 
functions 
to generate 
the 


output 
function 
using 
straight-line 
code. 
These 


instructions 
perform 
the 
corresponding 
logical 


operations 
between 
the 
carry 
flag 
("Boolean 


Accumulator") 
and the addressed 
bit, leaving the result in 


the carry. 
Alternate 
forms 
of each instruction 
(specified 


in the assembly 
language 
by placing a slash before the bit 


name) 
use the complement 
of the bit's state as the input 


operand. 


These instructions 
may be "strung 
together" 
to simulate 
a 


multiple 
input 
logic gate. 
When 
finished, 
the carry 
flag 


contains 
the result, 
which 
may be moved 
directly 
to the 
destination 
or output 
pin. No flow chart 
is needed 
it is 


simple to code directly 
from the logic diagrams 
in Figure 
20. 


Example 
29 - 
Software 
Solution 
to Logic 
Function 
of 
Figure 
20, Using the MCS-51 
(TM) 


Unique 
Logical 
Instructions 
on Boolean 
Variables 


• OUTPUT 
OF 
DOT TOM 
AND 
QATE 


• INCLUDE 
VALUE 
SAVED 
ABOVE 
• INCLUDE 
LAST 
INPUT 
VARIABLE 


• OUTPUT 
COMPUTED 
RESULT 


Simplicity 
itself. 
Fast, 
flexible. 
reliable, 
easy to design, 


and easy to debug. 


The 
Boolean 
features 
are useful 
and 
unique 
enough 
to 


warrant 
a complete 
Application 
Note 
of 
their 
own. 


Additional 
uses and ideas are presented 
in Application 
Note 
A P-70, 
Using 
the 
Intel'" 
MCS-Sl<" 
Boolean 
Processing 
Capabilities, 
publication 
number 
121519. 


5. ON-CHIP 
PERIPHERAL 
FUNCTION 
OPERATION 
AND INTERFACING 


I/O Ports 


The 
I/O 
port 
versatility 
results 
from 
the 
"quasi- 
bidirectional" 
output 
structure 
depicted 
in Figure 
22. 


(This 
is effectively 
the structure 
of ports 
I, 2, and 
3 for 
normal 
I 0 operations. 
On port 0 resistor 
R2 is disabled 
except 
during 
multiplexed 
bus 
operations, 
providing 


WRITE 
PULSE 


BUS 
CYCLE 
TIMING 


INPUT 
BUFFER 


READ 


Figure 22. Pseudo-bidirectional 
I/O port circuitry 


AFN·01502A·30 


essentially 
open-collector 
outputs. 
For 
full 
electrical 


characteristics 
see the User's 
Manual.) 


An output 
latch bit associated 
with each pin is updated 
by 
direct 
addressing 
instructions 
when 
that 
port 
is the 


destination. 
The 
latch 
state 
is buffered 
to the 
outside 


world 
by R I and Q I. which 
may drive a standard 
TTL 


input. 
(In 
TTL 
terms. 
Q I and 
R I resemble 
an open- 


collector 
output 
with a pull-up 
resistor 
to Vcc.) 


R2 and Q2 represent 
an "active 
pull-up" 
device enabled 


momentarily 
when a 0 previously 
output 
changes 
to a I. 


This "jerks" 
the output 
pin to a I level more quickly 
than 


the passive 
pull-up. 
improving 
rise-time 
significantly 
if 


the pin is driving 
a capacitive 
load. 
Note that the active 


pull-up 
is only 
activated 
on 
0-10-1 transitions 
at 
the 


output 
latch 
(unlike 
the 8048. in which 
Q2 is activated 


whenever 
a 1 is written 
out). 


Operations 
using 
an 
input 
port 
or 
pin 
as the 
source 


operand 
use the logic level of the pin itself. rather than the 


output 
latch contents. 
This level is affected 
by both the 


microcomputer 
itself 
and 
whatever 
device 
the 
pin 
is 
connected 
to externally. 
The value read is essentially 
the 


"OR-tied" 
function 
of Q I and the external 
device. 
If the 


external 
device 
is high-impedence, 
such 
as a logic gate 
input 
or 
a three 
state 
output 
in the 
third 
state. 
then 
reading 
a pin will reflect the logic level previously 
output. 


To use a pin for input. 
the corresponding 
output 
latch 


must 
be set. The external 
device may then drive the pin 


with either a high or low logic signal. Thus the same port 
may be used as both input and output 
by writing 
ones to 


all pins used as inputs on output 
operations. 
and ignoring 


all pins used as output 
on an input 
operation. 


In one operand 
instructions 
(INC. 
DEC. 
DJNZ 
and the 


Boolean 
CPL) 
the output 
latch rather 
than the input 
pin 


level is used as the source 
data. 
Similarly. 
two operand 


instructions 
using 
the port 
as both 
one source 
and the 


destination 
(ANL. 
ORL, 
XRL) 
use the output 
latches. 
This ensures 
that latch bits corresponding 
to pins used as 
inputs 
will not be cleared 
in the process of executing 
these 
instructions. 


The 
Boolean 
operation 
JBC 
tests the output 
latch 
bit. 
rather 
than 
the input 
pin. in deciding 
whether 
or not to 
jump. 
Like 
the 
byte-wise 
logical 
operations. 
Boolean 


operations 
which 
modify 
individual 
pins of a port leave 
the other 
bits of the output 
latch unchanged. 


A good 
example 
of how these modes 
may play together 


may be taken from the host-processor 
interface 
expected 


by an 8243 II 0 expander. 
Even though 
the 8051 does not 


include 
8048-type 
instructions 
for 
interfacing 
with 
an 


8243. the parts can be interconnected 
(Figure 
23) and the 


protocol 
may be emulated 
with simple 
software. 


Example 
30 - 
Mixing 
Parallel 
Output. 
Input. 
and 


Control 
Strobes 
on Port 
2 


• IN8~4J 
JNf.>tJT 
D,\fA 
FROM 
AN 
8~4J 
r 
'0 
['(PANOE:R 
CQNNECTF-l> 
TO 
P23-P2u 


P~5 
!',. 
P;:><1MIMIC 
CS 
I 
t 
PPOG 


P27-P26 
U!;)(D 
AS 
INPI)TS 


PC'IH 
TO 
~r.: READ 
IN 
Ace 


INB.i:!43 
OP 


MUV 
CL" 


OPL 
1"10'. 


SET:·) 


SETB 


., Itl J0100000 
";:0.... 
;QUTPUT 
IN5TRUCTlor~ 
COOf: 


F>~ 
•• 
• FALL 
ING 
EDGE 
OF 
PRoe 


•.•::!•• 
00001111]) 
,SET 
FOFl 
INPUT 


,\. 
p~ 
,RE.AI) 
INf'UT 
DATA 


I';' 
4 
,PETURN 
flf.lOG 
Hl(~H 
r;~~ 
,D£"-SF.l ECT CHIP 


Serial Port and Timer applications 


Configuring 
the 8051's Serial 
Port 
for a given data 
rate 


and protocol 
requires 
essentially 
three 
short 
sections 
of 


software. 
On power-up 
or hardware 
reset the serial port 


and 
timer 
control 
words 
must 
be 
initialiled 
to 
the 


appropriate 
values. Additional 
software 
is also needed in 


the transmit 
routine 
to load the serial port data 
register 


and in the receive routine 
to unload 
the data as it arrives. 


This 
is best 
illustrated 
through 
an arbitrary 
example. 


Assume 
the 
8051 
will 
communicate 
with 
a 
CRT 
operating 
at 2400 baud (bits per second). 
Each character 


is transmitted 
as seven data bits. odd parity. 
and one stop 


bit. 
This 
results 
in a character 
rate 
of 
2400 
10=240 


characters 
per second. 


For 
the 
sake 
of 
clarity. 
the 
transmit 
and 
receive 
subroutines 
are driven 
by simple-minded 
software 
status 


polling code rather 
than interrupts. 
(It might help to refer 


back to Figures 
7-9 showing 
the control 
word formats.) 


The serial 
port 
must be initialized 
to 8-bit UART 
mode 
(MO. M 1=01), enabled 
to receive 
all messages 
(M2=0. 


REN= I). The flag indicating 
that the transmit 
register 
is 


free for more data will be artificially 
set in order to let the 
output 
software 
know 
the output 
register 
is available. 


This can all be set up with one instruction. 


8351 
8751 
8243 .4 


P2.7 
} 
:NPUTS 
P2.6 


P2.5 
cs 
.5 


P2.4 
PROG 


P2.3 
.23 
.6 
P2.2 
P22 


P2.1 
.21 
P2.0 
P20 
PT 


Figure 23. Connecting 
an 8051 with an 8243 
I/O Expander 


Timer 
I will be used in auto-reload 
mode as a data 
rate 


generator. 
To achieve a data rate of 2400 baud, the !imer 


must 
divide 
the 
I M Hz internal 
clock 
by 32 x (desired 
data 
rate): 


I x 
10" 
(32) (2400) 


which 
equals 
13.02 
rounded 
down 
to 
13 instruction 


cycles. 
The timer 
must 
reload 
the value 
-13, or OF3H. 


(ASM51 
will accept 
both 
the signed 
decimal 
or hexa- 
decimal 
representations.) 


Example 
32 -Initializing 
Timer 
Mode and Control 
Bits 


A simple subroutine 
to transmit 
the character 
passed to it 
in the accumulator 
must 
first 
compute 
the 
parity 
bit, 


insert 
it into the data 
byte, wait until the transmitter 
is 


available, 
output 
the character, 
and return. 
This is nearly 


as easy said as done. 


Example 
33-Code 
for UART 
Output, 
Adding 
Parity, 


Transmitter 
Loading 


SP _OUT 
MOV 
ePL 


MOV 
JNIl 


eLR 


MOV 
RET 


e. P 
e 
Ace 
7. C 


TI. s 
TI 
SBUF. 
A 


A simple 
minded 
routine 
to wait 
until 
a character 
is 


received, 
set the carry flag if there is an odd-parity 
error, 
and return 
the masked 
seven-bit 
code in the accumulator 
is equally 
short. 


Example 
34-Code 
for UART 
Reception 
and 
Parity 
Verification 


SP _IN 
.JNB 
eLR 


MOV 


MOV 
ePL 


AML 
RET 


RL. 
R' 
A.SBUF 
C. P 


C 
A.• 7Fti 


This 
Application 
Note 
has described 
the 
architecture, 


instruction 
set, and 
on-chip 
peripheral 
features 
of the 
first 
three 
members 
of the 
MCS-5I'· 
microcomputer 
family. 
The examples 
used throughout 
were admittedly 


(and necessarily) 
very simple. 
Additional 
examples 
and 
techniques 
may be found 
in the MCS-5I'· 
User's Manual 
and other application 
notes written 
for the MCS-48"' 
and 
MCS-5I'· 
families. 


Since its introduction 
in 1977, the MCS-48'· 
family 
has 
become 
the 
industry 
standard 
single-chip 
microcomputer. 
The MCS-51 ,. architecture 
expands 
the 
addressing 
capabilities 
and 
instruction 
set 
of 
its 
predecessor 
while ensuring 
flexibility 
for the future, 
and 
maintaining 
basic software 
compatability 
with the past. 


Designers 
already 
familiar 
with the 8048 or 8049 will be 
able 
to take 
with 
them 
the education 
and 
experience 
gained 
from 
past 
designs 
as 
ever-increasing 
system 
performance 
demands 
force them to move on to state-of- 
the-art 
products. 
Newcomers 
will find 
the 
power 
and 
regularity 
of the 
8051 instruction 
set an advantage 
in 
streamlining 
both 
the learning 
and design 
processes. 


Microcomputer 
system designers 
will appreciate 
the 8051 
as 
basically 
a single-chip 
solution 
to 
many 
problems 


which 
previously 
required 
board-level 
computers. 
Designers 
of real-time 
control 
systems 
will find the high 
execution 
speed, 
on-chip 
peripherals. 
and 
interrupt 
capabilities 
vital 
in meeting 
the 
timing 
constraints 
of 
products 
previously 
requiring 
discrete 
logic designs. 
And 
designers 
of industrial 
controllers 
will be able to convert 
ladder 
diagrams 
directly 
from 
tested-and-true 
TTL 
or 
relay-logic 
designs 
to microcomputer 
software. 
thanks 
to 
the unique 
Boolean 
processing 
capabilities. 


It has not been the intent 
of this note to gloss over the 
difficulty 
of designing 
microcomputer-based 
systems. 
To 


be sure, the hardware 
and software 
design aspects 
of any 


new computer 
system 
are nontrivial 
tasks. 
However. 
the 
system 
speed 
and 
level of integration 
of the 
MCS-51 ,. 
microcomputers. 
the 
power 
and 
flexibility 
of 
the 
instruction 
set. and the sophisticated 
assembler 
and other 
support 
products 
combine 
to give both the hardware 
and 
software 
designer 
as much of a head start on the problem 
as possible. 
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The 
Intel 
mieroeontroller 
family 
now 
has 
three 
new 


m~mh~rs 
th~ Intel'" XOJI. X051. and X751 single-chip 


microcomputers. 
These 
devices. 
shown 
in Figure 
I. will 


allow whole new classes of products 
to benefit from recent 


advances 
in Integrated 
Electronics. 
Thanks 
to Intel's new 
HMOS· 
t~chnolog~. 
th~y prO\id~ 
larg~r 
program 
and 


data 
memory 
spaces. 
more 
nexible 
I 0 and 
peripheral 


capahilities. 
great~r speed. and lower system cost than any 


pre\ ious-generation 
single-chip 
microcomputer. 


P3.5/TI 
- 


P3.6IWR- 


P311RO- 


- vec 


- 
PO.O 


- 
PG.1 


- 
PO~ 


- 
PO.3 


- 
po." 


- 
POS 


- 
PO.6 


- 
PO.l 


- 
VOOIEA 


- 
PROGIALE 


- 
PSEN 


-P2.1 


- 
P26 


Table 
I summari7es 
the quantitative 
differences 
between 


the memhers 
of the MCS-48'" 
and 8051 families. The 8751 


contains 
4K bytes 
of EPROM 
program 
memory 
fabri- 


cated 
on-chip. 
while the 8051 replaces 
the EPROM 
with 


4K 
bytes 
of lower-cost 
mask-programmed 
ROM. 
The 
80J I has no program 
memory 
on-chip: 
instead. 
it accesses 


up 
to 
64K 
bytes 
of 
program 
memory 
from 
external 


memory. 
Otherwise. 
the three 
new family 
members 
are 
identical. 
Throughout 
this 
Note. 
the term 
"8051" 
will 


represent 
all members 
of the 8051 Family. 
unless specifi- 


cally stated 
otherwise. 


The CPU 
in each microcomputer 
is one of the industry's 
fastest 
and 
most efficient 
for numerical 
calculations 
on 
byte operands. 
But controllers 
often 
deal 
with bits. not 
bytes: 
in the real world. switch contacts 
can only be open 
or closed. 
indicators 
should 
be either 
lit or dark. 
motors 


are either turned 
on or off. and so forth. 
For such control 
situations 
the most significant 
aspect 
of the 
MCS-51'" 
architecture 
is its complete 
hardware 
support 
for one-bit. 


or Boo/ean 
variables 
(named 
in honor 
of Mathematician 
George 
Boole) as a separate 
data 
type. 


The 8051 incorporates 
a number 
of special features 
which 
support 
the direct 
manipulation 
and testing of individual 
bits and allow the use of single-bit 
variables 
in performing 
logical 
operations. 
Taken 
together. 
these 
features 
are 


referred 
toasthe 
MCS-51'" 
Boo/ean 
Processor. 
While the 


bit-processing 
capabilities 
alone 
would 
be adequate 
to 


solve many control 
applications. 
their true power comes 


when they are used in conjunction 
with the microcompu- 
ter's byte-processing 
and numerical 
capabilities. 


Many cone~pts 
~mbodied 
by the Boolean 
Proe~ssor 
will 
certainly 
be new even to experienced 
microcomputer 
sys- 
tem designers. 
The purpose 
of this Application 
Note is to 
explain 
these concepts 
and show how they are used. It is 
assumed 
the reader has read Application 
Note AP-69. 
An 


Introduction 
to the Intel® MCS-51'" 
Single-Chip 
Micro- 
computer 
Family, 
publication 
number 
121518. 
or 
has 


been exposed 
to Intel's 
single-chip 
microcomputer 
pro- 
duct lines. 


For 
detailed 
information 
on these parts refer to the Intel 
MCS-51'" 
Family 
User's 
Manual. 
publication 
number 
121517. The instruction 
set. assembly 
language. 
and use of 
the 8051 assembler 
(AS M 51) are further 
described 
in the 


MCS-51'" 
Macro 
Assembler 
User's 
Guide. 
publication 
number 
98009J7. 


The Boolean 
Processing 
capabilities 
of the 8051 are based 
on concepts 
which have been around 
for some time. Dig- 


ital computer 
systems 
of widely varying 
designs 
all have 


four functional 
clements 
in common 
(Figure 
2): 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input/ 
Interrupt 
Reg. 
Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Sources 
Banks 
Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 


R021 
IK 
IK 
M 
10 ~Scc 
21 
0 
I 
R022 
2K 
2K 
M 
10 ~Scc 
2R 
2 
I 


R74R 
R04R 
R035 
IK 
4K 
M 
2.5 ~Scc 
27 
2 
2 
R049 
ROW 
2K 
4K 
12R 
1.36~Scc 
27 
2 
2 
R751 
R051 
R031 
4K 
MK 
12R 
1.0 ~Scc 
32 
5 
4 


• 
a central 
proccssor 
(CPU) 
with the control. 
timing. 
and 
logic 
circuits 
needed 
to 
executc 
stored 


instructions: 


• a 
memory 
to 
store 
the 
sequence 
of 
instructions 
making 
up a program 
or algorithm: 


• 
data memory 
to store variables 
used by the program: 
and 


• 
some 
means 
of communicating 
with 
the 
outside 
world. 


LA, 
fOAl. 


Figure 2. Block Diagram for Abstract Digital 
Computer. 


The CPU 
usually 
includes 
one or more accumulators 
or 


special 
registers 
for computing 
or storing 
values 
during 
program 
execution. 
The instruction 
set of such a proces- 


sor generally 
includes. 
at a minimum. 
operation 
classes to 
perform 
arithmetic 
or logical functions 
on program 
vari- 


ables. 
mO\e variables 
from 
one place to another. 
cause 


program 
execution 
tojump 
or conditionally 
branch 
based 


on register 
or variable 
states. and instructions 
to call and 


return 
from subroutines. 
The program 
and data 
memory 
functions 
sometimes 
share a single memory 
space. but this 


is not always the case. When the address 
spaces arc separ- 
ated. 
program 
and data 
memory 
need not even have the 
same basic word width. 


A digital 
computer's 
flexibility 
comes 
in part from com- 


bining 
simple 
fast operations 
to produce 
more complex 


(albeit slower) ones. which in turn link together 
eventually 
solving 
the problem 
at hand. 
A four-bit 
CPU 
executing 


multiple 
precision 
subroutines 
can. for example. 
perform 


M-bit 
addition 
and subtraction. 
The subroutines 
could in 


turn be building 
blocks 
for floating-point 
multiplication 


and division 
routines. 
Eventually. 
the four-bit 
CPU 
can 


simulate 
a far more complex 
"virtua'" 
machine. 


In fact. 
any digital 
computer 
with the above 
four func- 
tional 
elements 
can (given time) complete 
any algorithm 


(though 
the proverbial 
room full of chimpan7ees 
at word 


proccs\or\ 
might 
fir~t 
r('-create 
Shak('~rl'arc\ 
c1a...sic~ 
and this Application 
Note)' 
This fact offers little consola- 


tion to product 
designers 
"ho 
want 
programs 
to run as 


quickly as possible. 
By definition. 
a real-time control 
algo- 


rithm 
IIIUSI proceed 
quickly 
enough 
to meet the preor- 


dained 
speed constraints 
of other equipment. 


One 
of the factors 
determining 
how 
long it will take 
a 


microcomputer 
to complete 
a given chore is the number 
of 


instructions 
it must execute. 
What makes a giwn 
compu- 


ter architecture 
particularlv 
\\ell-or 
poorly-suited 
for a 
class of problems 
is how well its instruction 
set matches 


the tasks 
to be performed. 
The 
better 
the "primative" 
operations 
correspond 
to the steps taken 
by the control 


algorithm. 
the lower the number 
of instructions 
needed. 
and the quicker 
the program 
will run. All else being equal. 


a CPU supporting 
M-bit arithmetic 
directly 
could clearly 


perform 
floating-point 
math 
faster 
than 
a 
machine 


bogged-down 
by multiple-precision 
subroutines. 
In the 


same way. direct 
support 
for hit manipulation 
naturally 


leads to more efficient programs 
handling 
the binary input 


and output conditions 
inherent 
in digital control 
problems. 


Processing 
Elements 


The introduction 
stated that the 8051's bit-handling 
capa- 


bilities 
alone 
would 
be sufficient 
to solve some 
control 
applications. 
Let's see how the four 
basic elements 
of a 


digital 
computer 
- a CPU 
with associated 
registers. 
pro- 


gram memory. 
addressable 
data 
RAM. 
and I a capabil- 


ity - relate to Boolean 
variables. 


CPU. The 8051 CPU incorporates 
special logic devoted 
to 


executing 
several 
bit-wide 
operations. 
All told. there are 


17 such instructions. 
all listed in Table 2. Not shown are 94 


other (mostly 
byte-oriented) 
8051 instructions. 


Pro/<ram Memorr. 
Bit-processing 
instructions 
are fetched 


from the same program 
memory 
as other arithmetic 
and 


logical operations. 
In addition 
to the instructions 
of Table 
2. several sophisticated 
program 
control 
features 
like mul- 


tiple addressing 
modes. 
subroutine 
nesting. 
and 
a two- 


level interrupt 
structure 
are useful in structuring 
Boolean 


Processor-based 
programs. 


Boolean 
instructions 
are one. 
two. or three 
bytes 
long, 


depending 
on what function 
they perform. 
Those 
involv- 


ing only the carry flag have either a single-byte 
opcode 
or 


an opcode 
followed 
by a conditional-branch 
destination 


byte (Figure 
3.a). The 
more 
general 
instructions 
add 
a 
"direct 
address" 
byte after 
the opcode 
to specify 
the bit 


affected. 
yielding two or three byte encodings 
(Figure 
3.b). 
Though 
this format allows potentially 
256directly 
addres- 


sable bit locations. 
not all of them are implemented 
in the 
8051 family. 


Table 2. MCS-51'· 
Boolean Processing 
Instruction 


Subset. 


SETR 
C 
Set Ca rry flag 
I 
SETR 
hit 
Set direct 
Rit 
2 


CIR 
C 
Clear 
Carr) 
flag 
I 


CI.R 
hit 
Clear 
direci 
hit 
2 


CPI. 
C 
Complement 
Carr\' 
flag 


CPI. 
hit 
Complement 
direct 
hit 


MOV 
Chit 
Mo\e 
direct 
hit to Carry 
flag 
MOV 
hiLC 
Mon: 
Carry 
nag to direct 
hit 


A"1. 
Chit 
A '\f)direct 
hit to Carr) 
flag 


A'\1. 
C 
hit 
A'\f) complement 
of direct 
hillO 


Carry 
nag 
ORI. 
C.hit 
OR direct 
hit to Carry 
flag 
ORI. 
C 
hit 
OR complement 
of direct 
hit to 
Carry 
flag 


.IC 
rei 
.Jump if Carry 
i•..nag i...... 
ct 
2 


.I"C 
rei 
.lump 
if '\0 Carry 
flag 
2 


.IR 
hiueI 
.lump 
if direct 
Rit set 


.I"R 
hiuel 
.lump 
if direct 
Rit '\ot 
sel 


.IRC 
hiuel 
.lump 
if direct 
Rit is set & Clear 
hit 


Address mode abbreviations: 


bit 
12X softwarc 
flag_. 
any 
I 0 pin. 
control 
or status 


bit 


rei 
All conditional 
jumps 
includcan 
R-bit 
offsct 
byte. 


Ra nge 
is + 127 -In bytes 
relative 
to first 
byte 
of 


the 
follo"ing 
instruction. 


nala Alel/lan. The 
instructions 
in Figure 
3.h can 
operate 


directly 
upon 
144 general 
purpose 
hits 
forming 
the 
Boo- 


lean 
proeessor·'RAM."Thcse 
hits can 
he used 
assofware 


flags 
or to storc 
program 
variahles. 
Two 
opcrand 
instruc- 


tions 
me 
the 
CPlI's 
carry 
flag ("C') as a special 
one-hit 


registcr: 
in a scme. 
the 
carry 
is a "Boolean 
accumulator" 


for 
logical 
opcrations 
and 
data 
transfers. 


II/plll/Olllplil. 
All 
32 I 0 pins 
can 
he addressed 
as indi- 


vidual 
inputs. 
outputs. 
or hoth. 
in any 
comhihation. 
Any 


pin 
can 
he a control 
strohe 
output. 
status 
(Test) 
input. 
or 


serial 
I 0 link 
implemented 
via 
software. 
An 
additional 


33 indi\idually 
addressable 
bits 
reconfigure. 
control. 
and 


monitor 
the 
status 
of the 
CPU 
and 
all on-chip 
peripheral 


functions 
(timer 
counters. 
serial 
port 
modes. 
interrupt 


logic. 
and 
so forth). 


I 
opcode 
I 


SETB C 
CLR 
C 
CPL 
C 


I 


opcode 
II 


displacement 
I 


JC 
rei 
JNC 
rei 


a.) Carry Control and Test Instructions. 


I 
opcode 
" 


bit address 
I 


SETB 
bit 
CLR 
bit 
CPL 
bit 
ANL C, 
bit 
ANL C,I 
bit 
ORL C, 
bit 
ORL C,I 
bit 
MOVC, 
bit 
MOV 
bit,C 


I 
opcode 
" 


bit address II disPlacementl 


JB 
bit, 
reI 


JNB 
bit, 
rei 


JBC 
bit. 
rei 


b,) Bit Manipulation 
and Test Instructions. 


Figure 3. Bit Addressing 
Instruction 
Formats. 


Direct Bit Addressing 


The 
most 
significant 
hit 
of the 
direct 
address 
hyte 
,elects 


one 
of two 
groups 
of bits. 
Values 
hetween 
Oand 
127(OOH 


and 
7FH) 
define 
bits 
in a block 
of 
32 hytes 
of 
on-chip 


RAM. 
hetween 
RAM 
addresses 
20H 
and 
2FH 
(Figure 


4.a). 
They 
arc 
numhered 
eonsecuti\'ely 
from 
the 
lowest- 


order 
hyte's 
lowest-order 
bit 
through 
the 
highest-order 


byte's 
highest-order 
bit. 


Bit addresses 
between 
12R and 
255(XOH 
and 
Ol-FH) 
cor- 


respond 
to 
bits 
in a number 
of special 
registers. 
mostly 


used 
for 
I 0 or 
peripheral 
control. 
These 
positiom 
are 


numhered 
with 
a different 
scheme 
than 
RAM: 
the 
five 


high-order 
address 
bits 
match 
those 
of the 
register's 
own 


address. 
while 
the 
three 
low-order 
bits 
identify 
the 
bit 


position 
within 
that 
register 
(Figure 
4.b). 


Direct 
Bit Addresses 
Hardware 
RAM 
Byte 
Register 
Byte 
(MSB) 
(lSB) 
Address 
(MSB) 
(lSB) 
Symbol 


7FH{: 
~ 


OFFH 


OFOH 
F7 I F6 I F5 I F4 I 
F3 I F2 I F1 I FO 
B 


2FH 
7F 
7E 
70 
7C 
7B 
7A 
79 
78 


2EH 
77 
76 
75 
74 
73 
72 
71 
70 
OEOH 
E7 I E6 I E5 J E4 I 
E3 I E2 I E1 I EO 
ACC 


20H 
6F 
6E 
60 
6C 
6B 
6A 
69 
68 


2CH 
67 
66 
65 
64 
63 
62 
61 
60 
OOOH 
07 I 06 I 05 I 04 I 03 I 02 I 01 I DO 
PSW 


2BH 
5F 
5E 
50 
5C 
5B 
5A 
59 
58 


2AH 
57 
56 
55 
54 
53 
52 
51 
50 
OB8H 
- I - I - I BC I BB I BA I B9 I B8 
IP 


29H 
4F 
4E 
40 
4C 
4B 
4A 
49 
48 


28H 
47 
46 
45 
44 
43 
42 
41 
40 
OBOH 
B7 I B6 I B5 I B4 I B3 I B2 I B1 I BO 
P3 


27H 
3F 
3E 
3D 
3C 
3B 
3A 
39 
38 


26H 
37 
36 
35 
34 
33 
32 
31 
30 
OA8H 
AF I - I - I AC I AB I AA I A9 I A8 
IE 


25H 
2F 
2E 
20 
2C 
2B 
2A 
29 
28 


24H 
27 
26 
25 
24 
23 
22 
21 
20 
OAOH 
A7 I A6 I A5 I A4 I A3 I A2 I A1 I AO 
P2 


23H 
1F 
1E 
10 
1C 
1B 
1A 
19 
18 


22H 
17 
16 
15 
14 
13 
12 
11 
10 
98H 
9F I 9E I 90 I 9C I 9B I 9A I 99 I 98 
SCaN 


21H 
OF 
OE 
00 
OC 
OB 
OA 
09 
08 


20H 
07 
06 
05 
04 
03 
02 
01 
00 
90H 
97l 
96 I 95 I 94 I 93 I 92 I 91 190 
P1 


1FH 


18H 
Bank 3 


17H 


8F I 8E 
180 
18C I 8B I 8A 189 188 
TCON 
Bank 2 
88H 


10H 
OFH 


08H 
Bank 1 


07H 


80H 
87 I 86 I 85 I 84 I 83 I 82 I 81 180 
PO 
00 
Bank 0 


a.) RAM Bit Addresses. 
b.) Special Function 
Register Bit Addresses. 


Notice the column 
laheled "Symhol"in 
Figure 5. Hits with 


special 
meanings 
in the 
PSW 
and 
other 
registers 
have 
corrcsponding 
symholic 
names. 
General-purpose 
(as 
opposed 
to carry-specific) 
instructions 
may access 
the 
carry like any other hit by using the mnemonic 
CY in place 
of C. PO. PI. 
P2. and 
P3 are the 8051\ 
four 
I 0 ports: 
secondary 
functions 
assigned 
to each of the eight pins of 


P3 are shown 
in Figure o. 


Figure 
7 shows 
thc 
last four 
hit addrcssahlc 
rcgisters. 
TCON 
(Timc'r Control) 
and SCO:" 
(Serial 
port Control) 
control 
a nd monitor 
thc corrcsponding 
pcriphcrals. 
while 


IE (Interrupt 
Enahle) 
and 
IP (Interrupt 
Priority) 
enahle 
and prioriti7c 
thc five hardwarc 
interrupt 
sources. 
I.ikc thc 


rescrved 
hardwarc 
registcr 
addrcsses. 
thc 
five hits 
not 


implcmcnted 
inlEand 
IPshould 
not hcacccssed: 
thcycan 


noT hc uscd as softwarc 
flags. 


PSW.2 
Overflow flag. 
Set/cleared 
by hardware 
during 
arithmetic instructions 
to indicate 
overflow conditions. 


Symbol Position Name and significance 
CY 
PSW.7 
Carry flag. 
Set/cleared 
by hardware or soft- 
ware during certain arithmetic and 
logical instructions. 


PSW.6 
Auxiliary 
Carry flag. 
Set/cleared 
by hardware 
during 
addition 
or subtraction 
instruc- 
tions to indicate carry or borrow 
out of bit 3 


PSW.O 
Parity flag. 
Set/cleared by hardware each in- 
struction cycle to indicate an odd/- 
even number of "one" bits in the 
accumulator, 
i.e., even parity. 


PSW.5 
Flag O. 
Set/cleared/tested 
by software as 
a user-defined 
status flag. 


Note - 
the contents of (RS1, RSO)enable 
the 
working 
register 
banks 
as 
follows: 


RS1 
RSO 
PSWA 
PSW.3 
Register bank Select control 
bits 


1 & O.Set/cleared by software to 
determine 
working 
register bank 
(see Note). 


(0.0) - Bank 0 
(0.1) - Bank 1 
(1,0) - Bank 2 
(1.1) - Bank 3 


(OOH-07H) 
(08H-OFH) 
(10H-17H) 
(18H-1FH) 


Symbol Position Name and significance 
RD 
P3.7 
Read data control output. 
INT1 
P3.3 
Interrupt 1 input pin. 


Active 
low 
pulse 
generated 
by 
Low-level or falling-edge 
hardware 
when 
external 
data 
triggered. 


memory is read. 


INTO 
P3.2 
Interrupt 0 input pin. 


WR 
P3.6 
Write data control output. 
Low-level or falling-edge 


Active 
low 
pulse 
generated 
by 
triggered. 


hardware 
when 
external 
data 
memory is written. 
TXD 
P3.1 
Transmit 
Data pin for serial port 


in UART mode. Clock output 
in 


T1 
P3.5 
Timer/counter 
1 external input or 
shift register mode. 


test pin. 


RXD 
P3.0 
Receive Data pin for serial port in 


TO 
P3A 
Timer/counter 
0 external input or 
UART mode. Data I/O pin in shift 


test pin. 
register mode. 


Symbol Position Name and significance 
TF1 
TCON.7 
Timer 
1 overflow 
Flag. 
Set by hardware 
on 
timer/counter 
overflow. 
Cleared 
when interrupt 
processed. 


TR1 
TCON.6 
Timer 
1 Run control 
bit. 


Set/cleared 
by software 
to turn 
timer/counter 
on/off. 


TFO 
TCON.5 
Timer 
0 overflow 
Flag. 


Set by hardware 
on 
timer/counter 
overflow. 
Cleared 
when interrupt 
processed. 


TRO 
TCONA 
Timer 
0 Run control 
bit. 


Set/cleared 
by software 
to turn 


timer/counter 
on/off. 


Symbol Position Name and significance 
SMO 
SCON.7 
Serial port Mode control 
bit O. 


Set/cleared 
by software 
(see 
note). 


SM1 
SCON.6 
Serial port Mode control 
bit 1. 


Set/cleared 
by software 
(see 


note). 


SM2 
SCON.5 
Serial port Mode control 
bit 2. 


Set by software 
to disable 
recep- 
tion of frames for which 
bit 8 is 
zero. 


REN 
SCONA 
Receiver 
Enable control 
bit. 


Set/cleared 
by software 
to 
enable/disable 
serial data 
reception. 


TCON.3 
Interrupt 
1 Edge flag. 
Set by hardware 
when external 
interrupt 
edge detected. 
Cleared 


when interrupt 
processed. 


TCON.2 
Interrupt 
1 Type control 
bit. 


Set/cleared 
by software 
to 


specify 
falling 
edge/low 
level 


triggered 
external 
interrupts. 


TCON.1 
Interrupt 
0 Edge flag. 
Set by hardware 
when external 


interrupt 
edge detected. 
Cleared 


when interrupt 
processed. 


TCON.O 
Interrupt 
0 Type control 
bit. 


Set/cleared 
by softrware 
to 


specify 
falling 
edge/low 
level 
triggered 
external 
interrupts. 


RB8 
SCON.2 
Receive Bit 8. 
Set/cleared 
by hardware 
to indi- 


cate state of ninth data bit 
received. 


TI 
SCON.1 
Transmit 
Interrupt 
flag. 
Set by hardware 
when byte 


transmitted. 
Cleared 
by software 


after servicing. 


RI 
SCON.O Receive Interrupt 
flag. 


Set by hardware 
when byte re- 


ceived. 
Cleared 
by software 
after 
servicing. 


Note - 
the state of (SMO,SM1) 
selects: 


(0,0) - Shift register 
I/O expansion. 


(0,1) - 8 bit UART, variable data rate. 
(1,0) - 9 bit UART, fixed data rate. 
(1,1) - 9 bit UART, variable data rate. 


TB8 
SCON.3 Transmit 
Bit 8. 


Set/cleared 
by hardware 
to deter- 
mine state of ninth data bit trans- 
mitted 
in 9-bit UART mode. 


b.) 
SCON - Serial Port Control/status 
register. 


Figure 7. Peripheral Configuration 
Registers. 


Symbol Position 
EA 
IE.? 


Name and significance 
Enable All control 
bit. 


Cleared 
by software 
to disable all 


interrupts, 
independent 
of the 
state of lEA - IE.O. 


IE.6 
(reserved) 
IE.5 


lEA 
Enable Serial port control 
bit. 


Set/cleared 
by software 
to 
enable/ 
disable 
interrupts 
from 


TI or RI flags. 


1E.3 
Enable Timer 
1 control 
bit. 


Set/cleared 
by software 
to 
enable/ 
disable 
interrupts 
from 
timer/counter 
1. 


IE - Interrupt Enable Register. 


Symbol Position 
IP.? 
IP.6 
IP.5 


Name and significance 
(reserved) 
(reserved) 
(reserved) 


Serial port Priority 
control 
bit. 


Set/cleared 
by software 
to 
specify 
high/low 
priority 
interrupts 
for Serial port. 


PTl 
IP.3 
Timer 
1 Priority 
control 
bit. 


Set/cleared 
by software 
to 
specify 
high/low 
priority 
interrupts 
for timer/counter 
1. 
d.) 
IP - Interrupt Priority Control Register, 


Enable External 
interrupt 
1 
control 
bit. Set/cleared 
by 
software 
to enable/disable 
interrupts 
from 
INT1. 


Enable Timer 0 control 
bit. 


Set/cleared 
by software 
to 
enable/ 
disable 
interrupts 
from 


timer/counter 
O. 


Enable External 
interrupt 
0 
control 
bit. Set/cleared 
by 
software 
to enable/disable 


interrupts 
from 
INTO. 


External 
interrupt 
1 Priority 
control 
bit. Set/cleared 
by 
software 
to specify 
high/low 


priority 
interrupts 
for INT1. 


Timer 0 Priority 
control 
bit. 


Set/cleared 
by software 
to 
specify 
high/lair! 
priority 


interrupts 
for tim~r/counter 
O. 


External 
interrupt 
0 Priority 
control 
bit. Set/cleared 
by 
software 
to specify 
high/low 
priority 
interrupts 
for INTO. 


Figure 7, (continued) 


Addressable 
Register Set. There 
are 20 special 
function 
registers 
in the 8051. but the advantages 
of bit addressing 


only 
relate 
to the 
II described 
below. 
Five potentially 
bit-addressable 
register 
addresses 
(OCOH, OC8H, OD8H, 
OE8H. & OF8H) 
are being 
reserved 
for possible 
future 
expansion 
in microcomputers 
based 
on the 
MCS-5I'· 


architecture. 
Reading 
or writing 
non-existent 
registers 
in 


the 8051 series is pointless. 
and may cause unpredictable 
results. 
Byte-wide 
logical 
operations 
can 
be 
used 
to 
manipulate 
bits in all non-bit addressable 
registers 
and 


RAM. 


The accumulator 
and B registers 
(A and B) are normally 


involved 
in byte-wide 
arithmetic. 
but their individual 
bits 
can also be used as 16 general 
software 
flags. Added with 


the 
128 flags 
in RAM. 
this gives 
144 general 
purpose 
variables 
for bit-intensive 
programs. 
The program 
status 


word 
(PSW) 
in Figure 
5 is a collection 
of flags 
and 


machine 
status 
bits including 
the carry 
flag itself. 
Byte 
operations 
acting 
on the 
PSW 
can therefore 
affect 
the 
carry. 


Having looked at the bit variables available to the Boolean 
Processor. we will now look at the four classes of instructions 
that manipulate 
these bits. It may be helpful to refer back to 
Table 2 while reading this section. 


State Control. Addressable 
bits or flags may be set. cleared. 
or logically complemented 
in one instruction 
cycle with the 
two-byte 
instructions 
SETB, 
CLR. 
and 
CPL. 
(The 
"B" 
affixed to SETB distinguishes 
it from the assembler 
"SET" 
directive 
used for symbol definition.) 
SETB and CLR are 
analogous 
to loading 
a bit with a constant: 
I or O. Single 
byte versions 
perform 
the same three 
operations 
on the 
carry. 


The MCS-51'· 
assembly 
language specifies a bit address 
in 


any of three ways: 


• 
bya number or expression 
corresponding 
to the direct 


bit address (0-255): 


• 
by the name or address 
of the register containing 
the 
bit. the dot operator 
symbol (a period: "."), and the 
bit's position 
in the register (7-{»): 


• 
in the case of control and status registers, by the prede- 
fined assembler 
symbols 
listed in the first columns 
of Figures 5-7. 


Bits may also be given user-defined names witb tbe assembler 
"BIT" directive and any of the above tecbniques. 
For exam- 


ple, bit 5 of the PSW 
may be cleared 
by any of the four 
instructions. 


CLR 
CLR 
CLR 


OD5H 
PSW.5 
FO 


Absolute 
Addressing 
Use of Dot Operator 
Pre-Defined 
Asscmbler 
Symbol 


User-Defined 
Symbol 


Dara Transfers. Tbe two-byte' MOY instructions 
can trans- 


port any addressable 
bit to the carry in one cycle. or copy the 
carry to the bit in two cycles. A bit can be moved between 
two arbitrary 
locations 
via the carry by combining 
the two 
instructions. 
(If necessary. push and pop the PSW to preserve 
the previous 
contents 
of the carry.) These instructions 
can 


replace the multi-instruction 
sequence of Figure 8, a program 


structure appearing 
in controller 
applications 
whenever flags 
or outputs 
are conditionally 
switched on or off. 


Logical Operations. 
Four instructions 
perform 
the logical- 


AND 
and 
logical-OR 
operations 
between 
the carry 
and 


another 
bit, and leave the results in the carry. The instruction 


mnemonics 
are ANLand 
ORL: the absence or presence ofa 


slash mark ("/ ") before the source operand 
indicates whether 


to use the positive-logic 
value or the logical complement 
of 


the 
addressed 
bit. 
(The 
source 
operand 
itself 
is never 
affected.) 


Sir-resr Insrruerions. The conditional 
jump instructions 
"JC 


rei" (Jump 
on Carry) and "JNC 
rei" (Jump 
on Not Carry) 


test the state of the carry flag. branching 
if it is a one or zero, 


respectively. 
(The letters "rei" denote 
relative code address- 
ing.) The three-byte 
instructions 
"JB 
bit, rei" and 
"JNB 


bit.rel" (Jump 
on Bit and Jump on Not Bit) test the state of 


an.\' addressable 
bit in a similar manner. 
A fifth instruction 
combines 
the Jump 
on Bit and 
Clear 
operations. 
"JBC 


bit,rel"conditionally 
branches to the indicated address, then 


clears the bit in the same two cycle instruction. 
This opera- 


tion is the same as the MCS-48'· 
"JTF" 
instructions. 


All 
8051 
conditional 
jump 
instructions 
use 
program 


counter-relative 
addressing. 
and all execute 
in two cycles. 


The 
last instruction 
byte encodes 
a signed 
displacement 


ranging from -128 to + 127. Duringexecution. 
the CPU adds 


this value to the incremented 
program 
counter 
to produce 


the jump destination. 
Put another 
way. a conditional 
jump 


to the immediately 
following instruction 
would encodeOOH 


in the offset byte. 


A section of program 
or subroutine 
written using only rela- 


tive jumps 
to nearby addresses 
will have the same machine 


code independent 
of the code's location. 
An assembled 
rou- 


tine may be repositioned 
anywhere in memory, even crossing 


memory 
page boundaries, 
without 
having 
to modify 
the 


program 
or recompute 
destination 
addresses. 
To facilitate 


this flexibility, 
there 
is an 
unconditional 
"Short 
Jump" 


(SJMP) 
which uses relative addressing 
as well. Since a pro- 


grammer 
would have quite a chore trying to compute 
rela- 


tive offset values from one instruction 
to another. 
ASM51 


automatically 
computes 
the displacement 
needed given only 
the destination 
address 
or label. An error message will alert 


the programmer 
if the destination 
is "out of range." 


(The so-called "Bit Test" instructions 
implemented 
on many 
other 
microprocessors 
simply 
perform 
the 
logical-AND 


operation 
between a byte variable and a constant 
mask. and 


set or clear a 7ero flag depending 
on the result. 
This 
is 
essentially equivalent 
to the 8051 "MaV 
C.bit" instruction. 


A second instruction 
is then needed to conditionally 
branch 


based on the state of the 7ero flag. This does no/ constitute 
abstract 
bit-addressing 
in the MCS-51'· 
sense. A flag exists 
only as a field within a register: to reference a bit the pro- 
grammer 
must know and specify both 
the encompassing 
register 
and 
the 
bit's 
position 
therein. 
This 
constraint 


severely limits the flexibility of symbolic bit addressing 
and 


reduces the machine's 
code-efficiency 
and speed.) 


InleroClion 
h'i,h O/her In.wruc/ions. 
The carry flag is also 
affected by the instructions 
listed in Table 3. It can be rotated 


through 
the accumulator. 
and 
altered 
as a side effect of 


arithmetic 
instructions. 
Refer 
to the 
User's 
Manual 
for 


details on how these instructions 
operate. 


Simple 
Instruction 
Combinations 


By combining 
general 
purpose 
bit operations 
with certain 


addressable 
bits. one can "custom 
build" several hundred 


useful instructions. 
All eight bits of the PSW can be tcsted 


directly 
with 
conditional 
jump 
instructions 
to 
monitor 


(among 
other 
things) 
parity 
and 
overflow 
status. 
Pro- 


grammers 
can take advantage 
of 128 software 
flags to keep 


track of opemting 
modes. resource usage. and sO forth. 


Thc Boolcan instructions 
arc also the most efficient way to 


control 
or reconfigure 
peripheral 
and I a registers. All 32 
I a lines become "tcst pins." for example. 
tested by condi- 


tional jump 
instructions. 
Any output 
pin can be toggled 


(complemented) 
in a single instruction cycle. Setting or clear- 
ing the Timer 
Run flags (TRO and TR I) turn the timcr- 


counters 
on or off: polling the same flags elsewhere lets the 
program 
determine 
if a timer 
is running. 
The respective 
o\'erflow 
flags (TFO and TFI) 
can be tested to determine 
when the desired period orcount 
has elapsed. then cleared in 


preparation 
for the next repetition. 
(For the record. 
these 
bits arc all part of the TCaN 
register. Figure 7.a. Th::nks to 
symbolic 
bit addressing. 
the 
programmer 
only 
needs 
to 
remember 
the mnemonic 
associated 
with each function. 
In 


other words. don't bother memori7ing control word layouts.) 


In the MCS-48® family. instwctions 
corresponding 
to some 
of the above functions 
require specific opeodes. Ten different 


opcodes 
serve to clear complement 
the software 
flags FO 


and 
Fl. 
enable 
disable 
eaeh interrupt. 
and start 
stop the 
timer. In the 8051 instruction 
set. just three opcodes (SETB. 


Table 
3. Other 
Instructions 
Affecting 
the Carry 
Flag. 


Mnemonic 
Description 
Byte Cyc 


ADD 
A.Rn 
Add rcgistcr to 
Accumulator 
ADD 
A.dircct 
Add direct b~tc 10 


Accumulator 
2 
ADD 
A.@Ri 
Add indirect RAM to 
Accumul,itor 


ADD 
A.#data 
Add immcdiate data to 


Accumulator 


ADDC A.Rn 
Add rcgistcr to 
Accumulator 
with Carr~ 
nag 
ADDC A. dircct 
Add dircct h\ te to 
Accumulator" 
ith Carr~ 


flag 
ADDC A.@Ri 
Add indirect RA M to 


Accumulator 
\\ilh 
Carr~ 
nag 
ADDC A.#data 
Add immediate data to 
Ace with Carry nag 
SliRR 
A.Rn 
Suhtract 
rcgi~tcr 
from 


Accumulator 
\\ ith 


OOfrO\\ 
SliRR 
A.direet 
Suhtraet direel b\'te 


from 
Ace 
with 
horrow 
SliRR 
A.@Ri 
Subtract indirect RAM 
from Ace with norro\\ 
SI'RR 
A.tidata 
Suhtract 
immediate 
data 
from Acc with borrow 
I 
Mill. 
AR 
Multipl\' A & R 
4 


DIV 
AR 
Di\ ide A b\' R 
4 


DA 
A 
Decimal Adjust 


Accumulator 


RIC 
A 
Rotate 
Accumulator 


I.eft through the Carr~ 
nag 


RRC 
A 
Rotate 
Accumulator 


Right 
through 
Carry 
nag 


CI' 
E A.direct.rcl 
Compare direct b~Ie to 
Acc & .lump if 'ot 
E4ual 
CI'\F 
A.#data.rcl 
Compare immediatc to 
Acc & .lump if '01 
E4ual 


C.I'E 
Rn.#data.rcl 
Comparc immed to 


rcgi ...tcr & Jump 
if ~ot 


E4ual 
CI\"E 
@Ri.#data.rcIComparc 
immcd 10 
indirecI & .lump if '\01 


E4ual 


using awkward 
sequences 
of other 
basic operations. 
As 


mentioned 
earlier, 
any CPU can solve any problem 
given 
enough 
time. 


Quantitatively, 
the differences 
between a solution 
allowed 


by the 8051 and those 
required 
by previous 
architectures 
are numerous. 
What the 8051 Family 
buys you is a faster, 


cleaner, 
lower-cost 
solution 
to 
microcontroller 
applications. 


The opcode 
space freed by condensing 
many specific 8048 


Table 4.a. Contrasting 
8048 and 8051 Bit Control and Testing Instructions. 


CLR, CPL) with a direct bit address appended 
perform the 


same functions. 
Two test instructions 
(JB and JNB) can be 
combined 
with bit addresses 
to test the software 
flags. the 


8048 I 0 pins TO. TI, and INT. and the eight accumulator 
bits. replacing 
15 more different 
instructions. 


Table 4.a shows how 8051 programs 
implement 
software 
flag and machine 
control 
functions 
associated 
with special 


8048 
8x51 
Instruction 
Bytes 
Cycles 
uSee 
Instruction 
Bytes 
Cycles & usee 


Flag Control 
CLR 
C 
I 
I 
2.5 
CLR 
C 
I 
I 


CPL 
FO 
I 
I 
2.5 
CPL 
FO 
2 
I 


Flag Testing 
3NC 
offset 
2 
2 
5.0 
3NC 
rei 
2 
2 
3FO 
offset 
2 
2 
5.0 
3B 
FO.rel 
3 
2 
3B7 
offset 
2 
2 
5.0 
3B 
ACC.7,rel 
3 
2 


Peripheral 
Polling 
JTO 
offset 
2 
2 
5.0 
3B 
TO,rel 
3 
2 
3NI 
offset 
2 
2 
5.0 
3NB 
INTO.rel 
3 
2 
JTF 
offset 
2 
2 
5.0 
JBC 
TFO.rel 
3 
2 


Machine 
and 
Peripheral 
Control 
STRT 
T 
I 
I 
2.5 
SETB 
TRO 
2 
I 
EN 
I 
I 
I 
2.5 
SETB 
EXO 
2 
I 
DIS 
TCNTl 
I 
I 
2.5 
CLR 
ETO 
2 
I 


8048 
8051 
Instructions 
Bytes 
Cycles 
uSee 
Instructions 
Bytes 
Cycles 
& usee 


Flag Control 
Set carry: 


CLR 
C 
CPL 
C 
= 
2 
2 
5.0 
SETB 
C 
I 
I 


Set Software 
Flag: 
CLR 
FO 
CPL 
FO 
= 
2 
2 
5.0 
SETB 
FO 
2 
I 


opcodes 
in the 8048. In every case the MCS-51'" 
solution 


requires 
the same number 
of machine cycles. and executes 
2.5 times faster. 


Qualitatively, 
nothing. 
All the same capabilities 
could be 


(and 
often 
have been) 
implemented 
on other 
machines 


instructions 
into a few general operations 
has been used to 


add new functionality 
to the MCS-51'" 
architecture 
- both 


for byte and bit operations. 
144 software 
flags replace the 
8048's two. These flags (and the carry) may be directly 
set, 


not just cleared 
and complemented, 
and all can be tested 


for either 
state, 
not just 
one. 
Operating 
mode 
bits pre- 


viously 
inaccessible 
may be read, tested, 
or saved. 
Situa- 


tions where the 8051 instruction 
set provides 
new capabili- 


ties 
are 
contrasted 
with 
8048 
instruction 
sequences 


in Table 4.b. Here the 8051 speed advantage 
ranges from 


5x to 15x! 


8048 
8x51 
Instructions 
Bytes 
Cycles 
uSec 
Instructions 
Bytes 
Cycles & uS~c 


Turn 
Off Output 
Pin: 
ANL 
PI.#OFBH 
= 
2 
2 
5.0 
CLR 
PI.2 
2 
I 


Complement 
Output 
Pin: 
IN 
A.PI 


XRL 
A.#04H 


OUTL 
PI.A 
= 
4 
6 
15.0 
CPL 
PI.2 
2 
I 


Clear 
Flag in RAM: 


MOV 
RO.#FLGADR 


MOV 
A.@RO 


ANL 
A.#FLGMASK 


MOV 
@RO.A 
= 
6 
6 
15.0 
CLR 
USER_FLG 
2 
I 


Flag Testing 
Jump 
if Software 
Flag is 0: 
JFO 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JNB 
FO.rel 
) 
2 


Jump 
if Accumulator 
bit is 0: 
CPL 
A 
JB7 
offset 


CPL 
A 
= 
4 
4 
10.0 
JNB 
ACC7.rel 
) 
2 


Peripheral 
Polling 


Test if lnput 
Pin is Grounded: 
IN 
A.PI 


CPL 
A 
IB) 
offset 
= 
4 
5 
12.5 
JNB 
PI.3.rel 
) 
2 


Test if Interrupt 
Pin is High: 
JNI 
$+4 


JMP 
offset 
= 
4 
4 
10.0 
JB 
INTO.rel 
) 
2 


Combining 
Boolean 
and 
byte-wide 
instructions 
can pro- 


duce great 
synergy. 
An MCS-51'· 
based application 
will 


prove to be: 


• 
simpler 
to write since the architecture 
correlates 
more 


closely with the problems 
being solved; 


• easier to debug 
because 
more individual 
instructions 


have no unexpected 
or undesirable 
side-effects; 


• 
more 
byte efficient 
due to direct 
bit addressing 
and 


program 
counter 
relative 
branching; 


• 
faster running 
because fewer bytes of instruction 
need 


to 
be 
fetched 
and 
fewer 
conditional 
jumps 
are 


processed; 


• 
lower 
cost 
because 
of 
the 
high 
level 
of 
system- 


intergration 
within one component. 


These rather 
unabashed 
claims of excellence 
shall not go 
unsubstantiated. 
The rest of this chapter 
examines 
less 


trivial tasks simplified 
by the Boolean 
processor. 
The first 


three compare 
the 8051 with other microprocessors: 
the last 
two go into 8051-based 
system 
designs 
in much 
greater 


depth. 


Design Example #1 - Bit Permutation 


First off. we11 use the bit-transfer 
instructions 
to permute 


a lengthy 
pattern 
of bits. 


A steadily 
increasing 
number 
of data 
communication 
products 
use encoding 
methods 
to protect 
the security 
of 


sensitive information. 
By law. interstate 
financial 
transac- 
tions 
involving 
the 
Federal 
banking 
system 
must 
be 


transmitted 
using 
the 
Federal 
Information 
Processing 


Data Encryption 
Standard 
(DES). 


Basically. 
the 
DES 
combines 
eight 
bytes 
of "plaintext" 


data (in binary. 
ASCII. 
or any other format) 
with a 56-bit 


"key". 
producing 
a 64-bit encrypted 
value for transmis- 
sion. At the receiving end the same algorithm 
is applied 
to 


the incoming 
data 
using the same 
key. reproducing 
the 


original 
eight byte message. 
The algorithm 
used for these 
permutations 
is fixed; different 
user-defined 
keys ensure 
data 
privacy. 


It is not the purpose 
of this note to describe the DES in any 
detail. 
Suffice 
it to say that 
encryption/ 
decryption 
is a 


long. 
iterative 
process 
consisting 
of rotations. 
exclusive 
-OR operations. 
function 
table look-ups. 
and an extensive 


(and quite bizarre) 
sequence 
of bit permutation. 
packing. 


and unpacking 
steps. (For further 
details refer to the June 


21.1979 
issue of Electronics 
magazine.) 
The bit manipula- 


tion steps are included. 
it is rumored. 
to impede a general 


purpose 
digital supercomputer 
trying to "break"the 
code. 
Any algorithm 
implementing 
the DES with previous 
gen- 


eration 
microprocessors 
would 
spend 
virtually 
all of its 
time diddling 
bits. 


The bit manipulation 
performed 
is typified 
by the 
Key 


Schedule 
Calculation 
represented 
in Figure 9. This step is 


repeated 
16 times 
for each 
key used 
in the course 
of a 


transmission. 
In essence. a seven-byte, 
56-bit "Shifted 
Key 


Buffer" 
is transformed 
into an eight-byte. 
"Permutation 


Buffer" 
without 
altering 
the shifted 
Key. The arrows 
in 


Figure 
9 indicate 
a few of the translation 
steps. Only six 


bits of each byte of the Permutation 
Buffer are used; the 


two high-order 
bits of each byte are cleared. 
This means 


only 48 of the 56 Shifted 
Key Buffer bits are used in anyone 


iteralion. 


REPEAT 


FOR 
EACH 
B/rOF 


SHIFTED 


KEY 


BUFFER 


141 TIMES) 


Figure 10.a. Flowchart 
for Key permutation 
attemp- 


ted with a byte processor. 


Different 
microprocessor 
architectures 
would best imple- 


ment 
this type 
of permutation 
in different 
ways. 
Most 
approaches 
would share the steps of Figure 
IO.a: 


• 
Initialize 
the 
Permutation 
Buffer 
to 
default 
state 
(ones or zeroes); 


• 
Isolate the state of a bit of a byte from the Key Buffer. 
Depending 
on the CPU, 
this might be accomplished 


by rotating 
a word of the Key Buffer through 
a carry 


flag or testing 
a bit in memory 
or an accumulator 
against 
a mask byte; 


• 
Perform 
a conditional 
jump 
based 
on the carry 
or 
zero flag if the 
Permutation 
Buffer default 
state 
is 
correct; 


• 
Otherwise 
reverse the corresponding 
bit in the permu- 


tation 
buffer with logical operations 
and mask bytes. 


Each step above may require several instructions. 
The last 


three steps must be repeated for all 48 bits. Most micropro- 
cessors would spend 300 to 3,000 microseconds 
on each of 


the 16 iterations. 


Notice, though, that this flowchart 
looks a lot like Figure 8. 


The Boolean 
Processor 
can permute 
bits by simply moving 


them 
from the source 
to the carry 
to the destination-a 
total 
of two 
instructions 
taking 
four 
bytes 
and 
three 
microseconds 
per bit. Assume the Shifted 
Key Buffer and 
Permutation 
Buffer both reside in bit-addressable 
RAM. 
with the bits of the former assigned symbolic names S KB_1. 
SKB-2, 
... 
SKB-56, 
and that the bytes of the latter are 
named 
PB_I .... 
PB-B. Then working 
from Figure 9. the 


software 
for the permutation 
algorithm 
would 
be that of 
Example 
I.a. The total routine 
length would be 192 bytes. 
requiring 
144 microseconds. 


The algorithm 
of Figure 
lO.b is just slightly more efficient 
in this time-critical 
application 
and illustrates 
the synergy 


of an integrated 
byte and bit processor. 
The bits needed for 


each 
byte of the Permutation 
Buffer are assimilated 
by 
loading 
each bit into the carry (I usee.) and shifting 
it into 
the accumulator 
(I usee.). 
Each byte is stored 
in RAM 
when completed. 
Forty-eight 
bits thus need a total of 112 


instructions. 
some 
of which 
are listed 
in Example 
I.b. 


REPEAT 


FOR 
EACH 
BYTE OF 


PERMUTATION 


BUFFER 
(SlIMES) 


Figure 10.b. DES Key Permutation 
with Boolean Processor. 


Worst-case 
execution 
time would 
be 112 microseconds. 


since each instruction 
takes a single cycle. Routine 
length 
would also decrease. 
to 168 bytes. (Actually. 
in the context 
of the complete 
encryption 
algorithm, 
each permuted 
byte 
would 
be processed 
as soon as it is assimilated-saving 
memory 
and cutting 
execution 
time by another 
8 usee.) 


Example 
I. DES 
Key Permutation 
Software. 


a.) "Brute 
Force" 
technique. 


MOV 
C.SKB_I 
MOV 
PB_I.I.C 
MOV 
C.SKB-2 


MOV 
PB_4.0.C 
MOV 
C.SKB-3 


MOV 
PB-2.5.C 
MOV 
C.SKB_4 
MOV 
PB_I.O.C 


MOV 
C.SKB-55 
MOV 
PB-5.0.C 
MOV 
C.SKB-56 
MOV 
PBJ2.C 


CLR 
MOV 
RLC 
MOV 
RLC 
MOV 
RLC 
MOV 
RLC 
MOV 
RLC 
MOV 
RLC 
MOV 


A 
C.SKB_14 


A 
C.SKB_17 
A 
C.SKB_II 


A 
C.SKB-24 


A 
C.SKB_I 
A 
C.SKB-5 


A 
PB_I.A 


MOV 
RLC 
MOV 
RLC 
MOV 


C.SKB-29 


A 
C.SKB-32 


A 
PB_B.A 


To date. most banking 
terminals 
and other systems 
using 


the DES 
have needed 
special 
boards 
or peripheral 
con- 
troller 
chips just 
for the encryption 
decryption 
process. 


and still more 
hardware 
to form a serial 
bit stream 
fot 
transmission 
(Figure 
Il.a). 
An 8051 solution 
could 
pack 
most of the entire system onto the one chip (Figure 
Il.b). 
The whole 
DES algorithm 
would 
require 
less than 
one- 


fourth of the on-ehip program 
memory. 
with the remaining 
bytes free for operating 
the banking 
terminal 
(or whatever) 
itself. 


Moreover. 
since 
transmission 
and 
reception 
of data 
is 
performed 
through 
the on-board 
UART.the 
unencrypted 


data 
(plaintext) 
never 
even exists 
outside 
the micro- 


computer' 
Naturally. 
this would afford 
a high degree 
of 
security 
from data 
interception. 


! 


'0..,~ 


An exercise 
often imposed 
on beginning 
microcomputer 


students 
is to write a program 
simulating 
a UART. 
(See. 
for example. 
Application 
Notes AP24. AP29. and AP49.) 
Though 
doing this with the 8051 Family 
may appear 
to be 
a moot point (given that the hardware 
for a full UART 
is 
on-chip). 
it is still instructive 
to see how it would be done. 
and maintains 
a product 
line tradition. 


As it turns 
out. the 8051 microcomputers 
can receive or 


transmit 
serial data 
via software 
very efficiently 
using the 
Boolean 
instruction 
set. Since any I 0 pin may be a serial 


input or output. 
several serial links could be maintained 
at 


once. 


Figures 
12.a and 
12.b show algorithms 
for receiving 
or 


transmitting 
a byte of data. (Another 
section 
of program 


would invoke this algorithm 
eight times ..synchroni7ing 
it 


with 
a start 
bit. clock 
signal. 
software 
delay. 
or timer 


interrupt.) 
Data is received by testing an input pin. setting 


the carry to the same state. shifting the carry into a data buffer. 
and 
saving 
the partial 
frame 
in internal 
RAM. 
Data 
is 


transmitted 
by shifting an output 
buffer through 
the carry. 
and generating 
each bit on an output 
pin. 


A side-by-side 
comparison 
of the software 
for this common 


"bit-ba 
ngi ng" a pplica tion with three 
different 
m icro- 


processor 
architectures 
is shown in Table 5.a and 5.b. The 
8051 solution 
is more 
efficient 
than 
the others 
on every 


count' 


a.) Input 
Routine. 


8085 


I !'I 


A !'I I 
.IZ 


CMC 
10: 
LXI 
MOV 
RR 
MOV 


SERPORT 
MASK 
LO 


HL.SERBUF 
A.M 


RESULTS: 


g INSTRUCTIONS 
14 BYTES 
56 STATES 
19 uSEe. 


b.) Output 
Routine. 


8085 


LXI 
MOV 
RR 
MOV 


IN 
JC 
LO: 
ANI 
.IMP 
HI: 
ORI 


CNT: OUT 


HL.SERBUF 
A.M 


M.A 
SERPORT 
HI 
"OT 
MASK 
CNT 
MASK 


SERPORT 


RESULTS: 


10 INSTRUCTIONS 
20 BYTES 
72 STATES 
24 uSEe. 


Table 5. Serial I/O Programs 
for Various Microprocessors. 


CLR 
J:'\TO 
CPL 
MOV 
MOV 
RRC 
MOV 


8051 


MOV 
e.SERPIN 


C 
LO 
C 
RO.#SERBUF 
A.@RO 
A 
@RO.A 


MOV 
A.SERBUF 


RRC 
A 
MOV 
SERBUF.A 


Design Example #3 - Combinatorial Logic 
Equations 


Next we'll look at some simple uses for bit-test instructions 
and logical operations. 
(This example 
is also presented 
in 


Application 
Note AP-69.) 


71l'\STRUCTIONS 
9 BYTES 
9 CYCLES 
12.5 uSEe. 


4 INSTRUCTIONS 
7 BYTES 
4 CYCLES 
4 uSEe. 


8048 


MOV 
MOV 
RRC 
MOV 


HI: 
C~T: 


JC 
A"L 
JMP 
ORL 


Virtually 
all 
hardware 
designers 
have 
solved 
complex 


functions 
using combinatorial 
logic. While the hardware 
involvcd 
may vary from relay logic, vacuum 
tubes. or TTL 
or to more esoteric 
technologies 
like fluidics. 
in each case 
the goal is the same: to solve a problem 
represented 
by a 
logical function 
of several 
Boolean 
variables. 


RO,#SERBUF 
A.@RO 
A 
@RO.A 


MOV 
A.SERBUF 


RRC 
A 
MOV 
SERBUF.A 


HI 
SERPRT.#NOT 
MASK 
CNT 
SERPRT.#MASK 


R INSTRUCTIONS 
13 BYTES 
II CYCLES 
27.5 uSEe. 


4 INSTRUCTIONS 
7 BYTES 
5 CYCLES 
5 uSEe. 


Figure 
13 shows 
TTL 
and 
relay 
logic 
diagrams 
for a 


function 
of the 
six variables 
U through 
Z. 
Each 
is a 


solution 
of the equation. 


Q = (U . (V + W)) + (X· 
Y) + Z 


Equations 
of this sort might be reduced 
using Karnaugh 
Maps or algebraic 
techniques. 
but that is not the purpose 


of this example. 
As the logic complexity 
increases, 
so does 


the 
difficulty 
of the 
reduction 
process. 
Even 
a minor 
change 
to the function 
equations 
as the design 
evolves 
would 
require 
tedious 
re-reduction 
from scratch. 


For the sake of comparison 
we will implement 
this function 


three ways. restricting 
the software 
to three proper 
subsets 
of the MCS-51'· 
instruction 
set. We will also assume 
that 


U and V are input pins from different 
input ports. Wand 
X 


are status 
bits for two peripheral 
controllers. 
and Y and Z 


are software 
nags set up earlier 
in the program. 
The end 


result must be written 
to an output 
pin on some third port. 


The first two implementations 
follow the now-chart 
shown 


in Figure 14. Program 
now would embark 
on a routedown 


a test-and-branch 
tree and leaveseitherthe"True"or"Not 


True"exit 
ASAP 
as soon as the propcr 
result has bcen 


determined. 
These exits then rewrite the output 
port with 


the result bit respectively 
onc or 7cro. 


Other digital computers 
must solve equations 
of this type 
with standard 
word-wide 
logical instructions 
and condi- 


tionaljumps. 
So for the first implementation. 
we won't use 
any generali7ed 
bit-addressing 
instructions. 
As we shall 


soon see. being constrained 
to such an instruction 
subset 


produces 
somewhat 
sloppy software 
solutions. 
MCS-51'· 


mnemonics 
are used in Example 
2.a; other machines 
might 


further 
cloud the situation 
by requiring 
operation-specific 


mnemonics 
like INPUT. 
OUTPUT. 
LOAD. 
STORE. 
etc .. 
instead 
of the MOV mnemonic 
used for all variable 
trans- 


fers in the 8051 instruction 
set. 


The code which results is cumbersome 
and error prone. 
It 


would be difficult to prove whether the software worked for 
all input combinations 
in programs 
of this sort. Further- 


more. execution 
time will vary widely with input data. 


Thanks 
to the direct 
bit-test 
operations. 
a single instruc- 


tion 
can replace 
each 
move 
mask 
conditional 
jump 


sequence 
in Example 
2.a. 
but 
the algorithm 
would 
be 


equally convoluted 
(see Example 
2.B). To lessen the con- 


fusion 
"a bit" each input 
variable 
is assigned 
a symbolic 


name. 


A more elegant and efficient implementation 
(Example 
2.c) 


strings 
together 
the Boolean 
ANL and ORL functions 
to 
generate 
the output 
function 
with straight-line 
code. 


When finished. 
the carry nag contains 
the result. "hich 
is 


simpl) 
copied 
out to the destination 
pin. :"0 nO\\ chart 
is 
needed 
code can be "ritten 
directly 
from the logic dia- 


grams 
in Figure 
14. The 
result 
is simplicity 
itself: fast. 


nexible. 
reliable. 
cas) to design. 
and easy to debug. 


An 8051 program 
can simulate 
an :\-input 
AND 
or OR 


gate "ith 
at most N+ I lines of source 
program 
one for 


each input 
and one line to store the results. 
To simulate 
NANDand 
;'IiOR gates. complement 
thecarryaftercom- 
puting 
the function. 
Whcn some inpllls 
to thc gate havc 
"imcrsion 
bubblcs." 
pcrform 
thc A;'IiL or OR I. operation 


on imcrtcd 
operands. 
When 
the first input 
is im·ertcd. 
either load the operand 
into the carry and then eomplemcnt 


it. or use DeMorgan's 
Theorem 
to convcrt 
the gatc to a 
different 
form. 


Example 
2. Softwarc 
Solutions 
to Logic Function 
of Fig- 
ure IJ. 


:BFU'\CI 
SOLVE 
RANDOM 
LOGIC 
Fl';\;CTION 


OF (, VARIABLES 
BY LOADI;\;G 
A:\D 
'vIASKI\;G 
THE 
APPROPRIATE 
BITS 


I', THE 
ACCl'MUI.ATOR. 
THE:" 


EXFCl'TI:\G 
CO"\'DITIO"\'AI. 
./l'MPS 
BASED 
O"\' ZERO 
CO:\DITIO\; 


(APPROACH 
USED 
BY BYTE- 


ORIE"\'TED 
ARCHITECTl'RES.) 
BYTF A:\D 
MASK 
VAU'ES 


CORRESPO:\D 
TO RESPECTIVE 
BYTE 
I\DDRESS 
A"\'D BIT POSITIO\;S. 


MOV 
A'\il 
J'\Z 
MOV 
A:'-IL 
.IZ 
MOV 
A"'1. 
J\;7 
"IOV 
A\;I 


.17 
'vi 0\' 
\\,1 


JZ 
MOY 
A\,I 


JZ 


A.P2 
A .1100000I00 B 
TESTU 
A.TCm' 
A.1100I00000 B 
TESTX 
A.PI 


A./100000010B 
SFTQ 
A. I CO", 
A.110000I000 B 
TESTZ 
A.20H 
A./10000000 IB 
SFrQ 
A.21 H 
A.#OOOOOOlOB 
SETQ 


CLRQ: 
MOV 
A.OUTBUF 


ANL 
A.#IIIIOIIIB 
JMp 
OUTQ 
SETQ: 
MOV 
A.OUTBUF 


ORL 
A.IIOOOO1000B 
OUTQ: 
MOV 
OUTBUF.A 


MOV 
pJ.A 


b.) 
Using only bit-test 
imtructions. 


:BFUNC2 
SOLVE 
A RA:"DOM 
LOGIC 
FUNCTION 


OF (, VARIABLES 
BY DIRECTLY 


POLLING 
EACH 
BIT. 


(APPROACH 
USING 
MCS-51 
UNIQUF 


BIT-TEST 
INSTR UCTIOI\ 
CAPABILITY.) 


SYMBOLS 
USED 
IN LOGIC 
DIAGRAM 
ASSIGNED 
TO CORRESPONDING 
Kx51 
BIT ADDRESSES. 


U 
BIT 
1'1.1 
V 
BIT 
1'2.2 
W 
BIT 
TFO 
X 
BIT 
lEI 
Y 
BIT 
20H.0 
Z 
BIT 
21 H.I 
Q 
BIT 
PJ.J 


TEST_V: 
JB 
V.TEST_lI 


J:\B 
W.TESLX 
TEST_I': 
JB 
U.SELQ 


TESLX: 
J:\B 
X.TEST2 


J\;B 
Y.SELQ 
TEST 2: 
J:\B 
Z.SELQ 


CLR_Q: 
CI.R 
Q 
JMP 
:\XTTST 
SELQ: 
SETB 
Q 
,\XTTST: 
:(CO:"TI:"1 
ATIO:" 
OF 
:pROGRAM) 


c.) 
[Ising logical opcrations 
on Boolean 
\ariables. 


:FlI:\O 
SOLVE 
A RANDOM 
LOGIC 
FIINCTIO:" 
OF (, VARIABLES 
USING 
STRAIGHLLI"IE 
LOGICAL 
I:\STRIICTIO:"S 
ON MCS-51 
BOOLEA:" 
VARIABLES. 


MOV 
ORL 
A" 
MOV 
MOY 
A"\L 
ORL 
ORL 
MaY 


CV 
CW 
cr 
FO.C 
cx 
c.Y 


CFO 
CZ 
Q.C 


:OlITPI'T 
01- OR GAlE 


:OIIPI'T 
OF TOI' 
A:\D 
GATE 


:SAVE 
"TERMEDIATE 
STATE 


:Olll 
1'111 OJ- BOTTOM 
AND 
GA rE 
:I'\CI 
I'DF 
VALliE 
SAVFD 
ABOVE 
:"CU'DE 
LAST 
l\;pl'T 
VARIABLE 


:Ol'TPIJT 
COMPI'TFD 
RESI'I.T 


An upper-limit 
can 
be placed 
on th~ complexity 
of software 


to simulate 
a large 
number 
of gates 
by summing 
the 
total 


number 
of inputs 
and 
outputs. 
The 
aClUal 
total 
should 
be 


somewhat 
shorter. 
since 
calculations 
can 
bc "chained:' 
as 


shown 
above. 
The 
output 
of 
one 
gate 
is often 
the 
first 


input 
to another. 
hypassing 
the 
intermediate 
\'ariahle 
to 


eliminate 
two 
lines 
of source. 


Design Example 
#4 - Automotive 
Dash- 
board Functions 


,""ow Ict's apply 
thcse 
tcchniqucs 
to des!gning 
the software 


fora 
complete 
controllcr 
S\·\tem. 
This 
app,lication 
is 


patterned 
after 
a familiar 
real-world 
application 
which 


isn't 
nearl\' 
as tri\ 
ial as it might 
first 
appear: 
automohile 


turn 
signals. 


Imagine 
the 
three 
position 
turn 
lever 
on 
the 
steering 


column 
as a single-pole. 
triple-throw 
toggle 
S\\itcli, 
In its 


central 
position 
all 
contacts 
are 
open. 
In thc 
up 
or down 


positions 
contacts 
close 
causing 
corresponding 
lights 
in 


the 
rear 
of the 
car 
to 
blink. 
So 
far 
\er\' 
simple. 


Two 
more 
turn 
signals 
blink 
in the 
front 
of the 
car. 
and 


two 
others 
in the 
dash 
hoard. 
All 
six 
bulbs 
Oash 
when 
an 


emergency 
switch 
is closed, 
A thermo-mechanical 
relay 


(aecessihle 
under 
the 
dash 
hoard 
in 
case 
it 
wears 
out) 


causes 
the 
hlinking. 


Applying 
the 
brake 
pedal 
turns 
the 
taillight 
filaments 
on 


constantl~ 
... 
unless 
a turn 
is in progress. 
in which 
case 
the 


blinking 
taillight 
is not 
affected, 
(Of course. 
the front 
turn 


signals 
and 
dash 
hoard 
indicators 
arc 
not 
affected 
h\ 
the 


brake 
peda!.) 
Tahle 
(, summari7es 
these 
operating 
modes, 


But 
we're 
not 
done 
yet. 
Each 
of the 
exterior 
turn 
signal 


(but 
not 
the 
dashboard) 
bulhs 
has 
a second. 
somewhat 


dimmer 
filament 
for 
the 
parking 
lights. 
Figure 
15 shows 


TTL 
circuitry 
which 
could 
control 
all 
six 
hulhs, 
The 


signals 
laheled 
"High 
Freq," 
and 
"I.ow 
Freq," 
represent 


two 
square-wa\'e 
inputs. 
Basicall\'. 
when 
one 
of the 
turn 


switches 
is closed 
or the 
emergency 
switch 
is acti\'ated 
the 


low 
frequenc\' 
signal 
(about 
I H7) is gated 
through 
to the 


appropriate 
dashhoard 
indicator(s) 
and 
turn 
signal(s). 


The 
rear 
signa 
Is are also 
acti\ 
ated 
when 
the 
hra ke pedal 
is 


depressed 
provided 
a turn 
is not 
heing 
made 
in the 
same 


direction. 
When 
the 
parking 
light 
switch 
is closed 
the 


higher 
frequency 
oscillator 
is gated 
to each 
front 
and 
rear 


turn 
signal. 
sustaining 
a low-intensity· 
haekground 
leve!. 


(This 
is to eliminate 
the 
need 
for additional 
pad.ing 
light 


fi la ments.) 


Figure 15. TTL logic implementation 
of 
automotive 
turn signals. 


INPUT 
SIGNALS 
OUTPUT 
SIGNALS 
BRAKE 
EM ERG. 
LEFT 
RIGHT 
LEFT 
RIGHT 
LEFT 
RIGHT 
SWITCH 
SWITCH 
TURN 
TURN 
FRONT 
FRONT 
REAR 
REAR 
SWITCH 
SWITCH 
& DASH 
& DASH 


0 
0 
() 
() 
OI-l 
OFF 
01'1' 
01'1 


() 
() 
() 
I 
OI-l- 
RII'\K 
OH 
1111'\K 
() 
() 
I 
() 
1l1.1'\K 
o !-I- 
RI I'\K 
OFt 


() 
I 
() 
() 
RII'\K 
RI I'\K 
1l11'\K 
RII'\K 
() 
I 
() 
I 
1l11'\K 
RII'\K 
RII'\K 
1l11'\K 


0 
I 
I 
() 
1l11'\K 
1l11'\K 
1l11'\K 
1l11'\K 


I 
0 
() 
() 
OFF 
01-1' 
0'\ 
0'\ 


I 
() 
() 
I 
OFF 
1l11'\K 
0'\ 
IlII'\K 


I 
() 
I 
() 
RI.I'\K 
OFT 
III 1'\ K 
0'\ 


I 
I 
() 
0 
RII'\K 
III 1'\ K 
0'\ 
0'\ 
I 
I 
() 
1 
RII:-':K 
1l11'\K 
0'\ 
RLiNK 
I 
I 
I 
() 
1l11'\K 
RII'\K 
BLI'JK 
0:-': 


In most cars. the switching 
logic to generate 
these func- 


tions 
requires 
a number 
of multiple-throw 
contacts. 
As 


manyas 
18 conductors 
thread the steering column 
of some 
automobiles 
solely for turn-signal 
and emergency 
blinker 


functions. 
(The 
author 
discovered 
this 
recently 
to 
his 


astonishment 
and 
dismay 
when 
replacing 
the whole 
assembly 
because 
of one burned 
eontact.) 


A multiple-conductor 
wiring harness 
runs to each corner 


of the car. behind 
the dash. 
up the steering 
column. 
and 


down to the blinker 
relay below. Connectors 
at each ter- 


mination 
for each filament 
lead to extra 
cost and 
labor 


during construction. 
lower reliability 
and safety. and more 


costly repairs. 
And considering 
the system's 
present 
com- 


plex ity. increasi 
ng its re lia bi lity or detect 
ing fa iIu res 
would 
be quite difficult. 


There 
are two reasons 
for going 
into such painful 
detail 


describing 
this example. 
First. to show that the messiest 


part 
of many 
system 
designs 
is determining 
what 
the 
controller 
should 
do. Writing 
the software 
to solve these 
functions 
will be comparatively 
easy. Secondly. 
to show 


the many potential 
failure points in the system. 
Later we'll 


see how the peripheral 
functions 
and intelligence 
built into 
a microcomputer 
(with 
a little 
creativity) 
can 
greatly 
reduce 
external 
interconnections 
and 
mechanical 
part 


count. 


The Single-chip Solution 


The circuit shown 
in Figure 
16 indicates 
five input pins to 


the five input variables-left-turn 
select. right-turn 
select. 
brake 
pedal 
down. 
emergency 
switch 
on. and 
parking 
lights 
on. Six output 
pins turn 
on the front. 
rear. 
and 


dashboard 
indicators 
for each side. The microcomputer 


implements 
all logical functions 
through 
software. 
which 


periodically 
updates 
the output 
signals as time elapses and 


input conditions 
change. 
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Design 
Example 
#3 demonstrated 
that symbolic 
address- 
ing with user-defined 
bit names makes code and documen- 


tation 
easier 
to write 
and 
maintain. 
Accordingly. 
we'll 
assign these I 0 pins names 
for use throughout 
the pro- 


gram. 
(The format 
of this example 
will differ somewhat 
from the others. 
Segments 
of the overall 
program 
will be 


presented 
in sequence 
as each is described.) 


I:"PUT 
PI:" DECI.ARATIO:"S: 


(AI.I.I:"PUTS 
ARE POSITIVE-TRUE 
LOGIC) 


BRAKE 
EMERG 


: BRAKE 
PEDAL 
DEPRESSED 
: EMERGE:"CY 
BLI'\KER 
ACTIVATED 
: PARKI:"G 
LIGHTS 
0'\ 
: TlJR:" 
LEVER 
DOW:" 
: TUR:" 
LEVER 
UP 


BIT 
PI.O 


!lIT PI.I 


PARK 
BrI PI.1 


LTlJR:" 
!lIT PU 


R-TUR:" 
!lIT PIA 


OUTPUT 
PI:" DECI.ARATIO'\S: 


LFRl'\T 
IlIT PIS 
. FRONT 
LEFT-TURN 


I'\DICATOR 


R-FR'\T 
Illl 
PI.6 
: FRO'\T 
RIGHT-TlIR'\ 


I'\DICATOR 


I._DASH 
!lIT PI.7 
: DASHBOARD 
I.EFT-TUR'\ 


':"DICATOR 


R_DASH 
IlIT P1.0 
: DASHBOARD 
RIGHT-TUR'\ 


',\DICATOR 


I._REAR 
IlrI 
P1.1 
: REAR 
I.EFT-TUR'\ 


I'\DICATOR 


R_REAR 
!lIT P1.1 
: REAR 
RIGHT-TURN 


I'\DICATOR 


Another 
key advantage 
of symbolic 
addressing 
will 
appear 
further 
on in the design 
cycle. The 
locations 
of 


cable 
connectors. 
signal 
conditioning 
circuitry. 
voltage 


regulators. 
heat sinks. and the like all affect 
P.c. 
board 


layout. 
It's quite 
likely that 
the somewhat 
arbitrary 
pin 
assignment 
defined 
early in the software 
design cycle will 


prove 
to be less than 
optimum; 
rearranging 
the I 0 pin 


assignment 
could 
well allow a more compact 
module. 
or 
eliminate 
costly jumpers 
on a single-sided 
board. 
(These 


considerations 
apply especially 
to automotive 
and other 
cost-sensitive 
applications 
needing 
single-chip 
con- 


trollers.) 
Since 
other 
architectures 
mask 
bytes 
or 
use 


"clever" 
algorithms 
to isolate 
bits by rotating 
them 
into 


the carry. 
re-routing 
an input signal (from bit I of port 
I. 


for example. 
to bit 4 of port 
3) could 
require 
extensive 


modifications 
throughout 
the software. 


The Boolean 
Processor's 
direct bit addressing 
makes such 


changes absolutely 
trivial. The number 
of the port contain- 


ing the pin is irrelevent, 
and masks and complex 
program 


structures 
are not needed. 
Only the initial 
Boolean 
varia- 


; INTERRUPT 
RATE 
SUBDIVIDER 


SUB_DIV 
DATA 
20H 


; HIGH-FREQUENCY 
OSCILLATOR 
BIT 


HLFREQ 
BIT 
SUB_DIV.O 


; LOW-FREQUENCY 
OSCILLATOR 
BIT 


LO_FREQ 
BIT 
SUB_DIV.7 


ORG 
INIT 


ORG 
IOOH 


; PUT TIMER 
0 IN MODE 
I 


INIT: 
MOV 
TMOD,#OOOOOOOIB 


; INITIALIZE 
TIMER 
REGISTERS 
MOV 
TLO,#O 
MOV 
THO,#-16 
; SUBDIVIDE 
INTERRUPT 
RATE 
BY 244 


MOV 
SUB_DIV,#244 


; ENABLE 
TIMER 
INTERRUPTS 
SETB 
ETO 


; GLOBALLY 
ENABLE 
ALL INTERRUPTS 


SETB 
EA 


; START 
TIMER 
SETB 
TRO 


; PUTTIMER 
0 1:-':MODE 
I 


; I:-':ITIAIIZE 
TIMER 
REGISTERS 


; SUBDIVIDE 
I:"TERRUPT 
RATE 
BY 244 


; E:"ABLE 
TIMER 
I:-':TERRUPTS 
; GLOBALLY 
E~ABLE 
ALL I~TERRUPTS 
; START 
TIMER 


ble declarations 
need to be changed; 
ASM51 
automati- 


cally adjusts 
all addresses 
and symbolic 
references 
to the 
reassigned 
variables. 
The 
user 
is assured 
that 
no addi- 


tional debugging 
or software 
verification 
will be required. 


Timer 0 (one of the two on-chip 
timer/counters) 
replaces 
the 
thermo-mechanical 
blinker 
relay 
in the dashboard 


controller. 
During 
system initialization 
it is configured 
as 


a timer in mode 
I by setting the least significant 
bit of the 


timer 
mode 
register 
(TMOD). 
In this configuration 
the 


low-order 
byte (TLO) is incremented 
every machine 
cycle, 


overflowing 
and incrementing 
the high-order 
byte (THO) 


every 
256 ~Sec. Timer 
interrupt 
0 is enabled 
so that 
a 


hardware 
interrupt 
will occur each time THO overflows. 
(For 
details 
of the numerous 
timer 
operating 
modes 
see 


the MCS-51'· 
User's 
ManuaL) 


An eight-bit 
variable 
in the bit-addressable 
RAM 
array 
will be needed 
to further 
subdivide 
the 
interrupts 
via 


software. 
The lowest-order 
bit of this counter 
toggles very 


fast to modulate 
the parking 
lights; bit 7 will be "tuned" 
to 


approximately 
I Hz for 
the 
turn- 
and 
emergency- 
indicator 
blinking 
rate. 


Loading 
THO with -16 will cause an interrupt 
after 4.096 


msec. The interrupt 
service routine 
reloads 
the high-order 


byte of timer 0 for the next interval. 
saves the CPU regis- 


ters likely to be affected 
on the stack. and then decrements 


SUB_DIV. 
Loading 
SUB_DIV. 
with 
244 initially 
and 
each 
time 
it decrements 
to zero 
will produce 
a 0.999 
second 
period 
for the highest-order 
bit. 


ORG 
MOV 
PUSH 
PUSH 
PUSH 


[)'/"JZ 


MOV 


OOOBH 
; TIMER 
0 SERVICE 
VECTOR 


THO.#-16 
PSW 
ACC 


B 
Sli B_DIV.TOSER 
V 


SUB_DIV.#244 


The 
code 
to sample 
inputs. 
perform 
calculations. 
and 


update 
outputs-the 
real "meat" 
of the signal controller 
algorithm-may 
be performed 
either as part of the inter- 


rupt service routine 
or as part of a background 
program 


loop. The only concern 
is that it must be executed 
at least 
several 
dozen 
times per second 
to prevent 
parking 
light 


flickering. 
We will assume 
the forme~ case. and insert the 


code into the timer 0 service routine. 


First. 
notice 
from the logic diagram 
(Figure 
15) that the 
subterm 
(PARK' 
H_FREQ), 
asserted 
when the parking 


lights are to be on dimly. figures into four of the six output 
functions. 
Accordingly, 
we will first compute 
that 
term 


and save it in a temporary 
location 
named 
"DI M". The 


PSW contains 
two general 
purpose 
flags: FO. which cor- 


responds 
to the 8048 flag of the same name. and PSW.I. 


Since The PSW has been saved and will be restored 
to its 


previous 
state 
after 
servicing 
the interrupt. 
we can 
use 
either 
bit for temporary 
storage. 


DIM 
BIT 
PSW.I 
: DECLARE 
TEMP. 


STORAGE 
FLAG 


MOV 
C.PARK 
. GATE 
PARKII\'G 


LIGHT 
SWITCH 
A"JL 
HLFREQ 
: WITH 
HIGH 
FREQUE"JCY 
SIG~AL 


MOV 
DIM.C 
: AI\'D SAVE 
I:" 


TEMP. 
VARIABLE. 


This simple three-line 
section of code illustrates 
a remark- 


able point. 
The software 
indicates 
in very abstract 
terms 


exactly 
what function 
is being performed. 
independent 
of 


the hardware 
configuration. 
The fact that these three bits 


include an input pin. a bit within a program 
variable. 
and 


a software 
flag 
in the 
PSW 
is totally 
invisible 
to the 


programmer. 


MOV 
CLTLJRN 
: SET CARRY 
IF 
TURN 


ORI 
CEMERG 
: OR EMERGENCY 
SELECTED. 


A\;I 
CLO_FREQ 
: GATE 
I\' 
I HZ 
SIG'\AL 


MOV 
LDASH.C 
: A'\D 
OUTPUT 
TO 
DASHBOARD. 


To generate 
the left front turn signal we only need to add 
the parking 
light function 
in Fa. But notice that the func- 
tion in the carry will also be needed for the rear signal. We 
can save effort later by saving its current 
state in Fa. 


: SAVE 
FII'\CTIO:'\ 
SO FAR. 
: ADD 
1'\ PARKII\;G 
LIGHT 
FUI\;CTIO,\ 
: A\;D 
OUTPUT 
TO 
Tl'R:'\ 
SIG'\AL. 


Finally. the rear left turn signal should also be on when the 
brake 
pedal 
is depressed. 
provided 
a left turn 
is not in 


progrcss. 


MOV 
CBRAKF 
: GATE 
BRAKE 
PEDAL 
SWITCH 


A'\I 
C 
I._TURN 
: WITH 
TlIR:'\ 
LEVER. 
ORI 
CFO 
: I:'\Cl.lIDE 
TEMP. 
VARIABLE 
FROM 
DASH 


ORI 
CDIM 
: A\;D 
PARKI\;G 
UGHT 
FlI\;CTIO,\ 


MOV 
L_REAR.C 
: A\,() 
Ol'TPUT 
TO 
TUR:,\ 
SIG'\AL. 


"low wc have to go through 
a similar 
sequence 
for the 
right-hand 
equivalents 
to all the left-turn 
lights. This also 


gives us a chance to see how the code segments 
above look 


when combined. 


.SETCARRYlf- 


TUR,\ 


: OR EMERGE\;CY 
SELECTED. 
: IF SO. GATE 
1"\ 
I 
HZ SIG:'\AL 


MOV 
R_DASH.C 
: AND OUTPUT 
TO 


DASHBOARD 


MOV 
FO.C 
: SA VE FUNCTION 


SO FAR. 


ORI. 
CDIM 
: ADD 
,'\ 
PARKING 
LIGHT 
FUNCTION 


MOV 
RJRNT.C 
: A'\D 
OUTPUT 
TO 


TURN 
SIGNAL. 


MOV 
CBRAKE 
: GATE 
BRAKE 


PEDAL 
SWITCH 
ANI. 
C 
LTURN 
: WITH 
TURN 


LEVER. 


ORI. 
CFO 
: INCLUDE 
TEMP. 
VARIABI 
E FROM 


DASH 
ORI. 
CDIM 
: A"'D 
PARKING 


UGHT 
FUNCTION 


MOV 
LREAR.C 
: AND OUTPUT 
TO 


TURN 
SIGNAL. 


(The perceptive 
reader may notice that simply rearranging 


the steps 
could 
eliminate 
one instruction 
from 
each 


sequence.) 


Now that 
all six bulbs 
are in the proper 
states. 
we can 
return 
from 
the 
interrupt 
routine. 
and 
the 
program 
is 


finished. 
This code essentially 
needs to reverse the status 


sav'ing steps at the beginning 
of the interrupt. 


:RES10RECPI 


REGISTERS. 


POP 
ACC 
POP 
PSW 
RETI 


Program 
Re/inemem.1'. 
The 
luminescence 
of an 
incan- 
descent 
light bulb filament 
is gcnerally 
non-linear: 
the 50r, 


duty 
cycle 
of 
HLFREQ 
may 
not 
produce 
tbe desired 
intcnsity. 
If the applieation 
requires. 
duty eycles of 25r,. 


75r;. 
etc. are easily aehieved 
by ANDing 
and 
ORing 
in 
additional 
low-order 
bits ofSI'B_DIV. 
For example. 
30 
HI signals 
of se\'en 
different 
duty 
cycles could 
be pro- 
duced 
by considering 
bits 2 
a as shown 
in Table 
7. The 


only software 
ehange 
rcquired 
would be to the code \\ hich 
scts-up 
variable 
DI M: 


: START 
WITH 
50 


PERCE:'\T 


: MASK 
DOWN 
TO 25 


PERCE'\T 


: AND 
BUII.D 
BACK TO 


62 PERCE!\T 
: DUTY CYCI.E 
FOR 


PARKI'\G 
UGHTS. 


SUB_DIV 
BITS 
DUTY 
CYCLES 
7 
6 
5 
4 
3 
2 
1 
0 
12.5% 
25.0% 
37.5% 
50.0% 
62.5% 
75.0% 
87.5% 


X 
X 
X 
X 
X 
0 
0 
0 
OFF 
OFF 
OFF 
OFF 
OH- 
OFF 
OFF 


X 
X 
X 
X 
X 
0 
0 
I 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
0:'\ 


X 
X 
X 
X 
X 
0 
I 
0 
OFF 
OFF 
OFF 
OFF 
OFF 
0:'\ 
0:'\ 


X 
X 
X 
X 
X 
0 
I 
I 
OFF 
OFF 
OFF 
OFF 
O'\' 
0:'\ 
0'\ 


X 
X 
X 
X 
X 
I 
0 
0 
OFF 
OFF 
OFF 
0:'\ 
O'\' 
0"\ 
0'\ 


X 
X 
X 
X 
X 
I 
0 
1 
OFF 
OFF 
0;\1 
O'\' 
0:'\ 
O'\' 
0'\ 


X 
X 
X 
X 
X 
I 
I 
0 
OFF 
0:'\ 
O'\' 
0:'\ 
0:'\ 
0'\ 
0:\ 
X 
X 
X 
X 
X 
I 
1 
I 
ON 
O'\' 
ON 
0:'\ 
O'\' 
O'\' 
0:\ 


Interconnections 
increase 
cost 
and 
decrease 
reliability. 


The simple buffered 
pin-per-function 
circuit 
in Figure 
16 
is insufficient 
when 
many 
outputs 
require 
higher-than- 


TTL 
drive 
levels. 
A lower-cost 
solution 
uses 
the 8051 


serial port in the shift-register 
mode to augment 
I 0. In 
mode 
O. writing 
a byte 
to the 
serial 
port 
data 
buffer 


(SBUF)causes 
the data to be output 
sequentially 
through 


the "RXD" 
pin while 
a burst 
of eight 
clock 
pulses 
is 


generated 
on the "TX D" pin. A shift register connected 
to 


these pins (Figure 
17) will load the data byte as it is shifted 


out. A number 
of special 
peripheral 
driver 
circuits 
com- 


bining 
shift-register 
inputs 
with high drive level outputs 


have been introduced 
recently. 


Cascading 
multiple 
shift registers end-to-end 
will expand 


the number 
of outputs 
even further. 
The data 
rate in the 


I °expansion 
mode is one mega baud. or 8 usee. per byte. 
This is the mode which the serial port defaults 
to following 
a reset. so no initialization 
is required. 


The software 
for this technique 
uses the B register 
as a 
"map" 
corresponding 
to the different 
output 
functions. 
The program 
manipulates 
these bits instead 
of the output 


pins. After all functions 
have been calculated 
the B register 
is shifted 
by the serial 
port 
to the shift-register 
driver. 


(While some outputs 
may glitch as data is shifted through 
them. at I Megabaud 
most people wouldn't 
notice. 
Some 
shift registers 
provide 
an "enable" 
bit to hold the output 


states while new data 
is being shifted 
in.) 


This is where the earlier 
decision 
to address 
bits symbol- 
ically throughout 
the program 
is going 
to payoff. 
This 
major 
I °restructuring 
is nearly as simple to implement 


as rearranging 
the input pins. Again. only the bit declara- 


tions need to be changed. 


L_FR:'\T 
BIT 
8.0 
: FRO;\lT 
I.EFT-TlIR'\' 


I,\DICATOR 
RJR'\T 
BIT 
8.1 
: FRO'\'T 
RIGHT-TUR'\ 
',\DICATOR 


L_DASH 
BIT 
B.2 
: DASHBOARD 
LEFT-Tl'R'\ 
I:,\DICATOR 


LDASH 
BIT 
8.3 
: DASHBOARD 
RIGHT-TlIR:'\ 
I:,\DICATOR 


LREAR 
BIT 
B.4 
: REAR 
I.EFT-TlIR'\ 


: I,\DICATOR 


R_REAR 
BIT 
8.5 
: REAR 
RIGHT-TlIR'\ 


: ',\,DICATOR 


The original 
program 
to compute 
the functions 
need not 


change. 
After computing 
the output 
variables. 
the control 


map is transmitted 
to the buffered 
shift register 
through 


the seria I port: 


The Boolean 
Processor 
solution 
holds a numberofadvan- 
tages over older 
methods. 
Fewer 
switches 
are required. 


Each is simpler. 
requiring 
fewer poles and lower current 


contacts. 
The flasher 
relay is eliminated 
entirely. 
Only six 


filaments 
are driven. 
rather 
than 
10. The wiring harness 
is 


therefore 
simpler 
and less expensive-one 
conductor 
for 
each of the six lamps and each of the five sensor S\,itches. 
The fewer conductors 
use far fewer connectors. 
The whole 


system is more reliable. 


And since the S\'stem is much simpler 
it would be feasible 


to implement 
redundancy 
and 
or fault detection 
on the 
four main turn indicators. 
Each could still be a ,tandard 


double 
filament 
bulb. 
but 
with 
the filaments 
driven 
10 


parallel 
to tolerate 
single-element 
failure,. 


E\en 
with redundancy. 
the lights will e\entually 
fail. To 


handle 
this 
inescapable 
fact current 
or \'oltage 
sensing 


circuih 
on cach main dri\'c \\ irc can \'erify that each bulb 


and ih high-currcnt 
dri\cr 
is functioning 
properly. 
Figure 
IX shows one such circuit. 


Figure 18. 


A"ume 
all of the lights arc turned 
on except 
one: i.e .. all 


but one of the collectors 
arc grounded. 
For the bulb which 


is turned 
off. if there is continuity 
from + 12 V through 
the 
bulh base and filament. 
the control 
wire. all connectors. 
and the P.c. 
board 
traces. 
and if the transistor 
is indeed 


not shorted 
to ground. 
then the collector 
will be pulled to 


+ 12 V. This turns 
on the base of QR through 
the corres- 


ponding 
resistor. and grounds 
the input pin. verifying that 


the 
bulb 
circuit 
is operational. 
The 
continuity 
of each 


circuit can be checked 
b} software 
in this way. 


No" 
turn all the bulbs on. grounding 
all the collectors. 
Q7 


should 
be turned 
off. and 
the Test pin should 
be high. 


Howe\er. 
a control 
wire shorted 
to + 12 V or an open- 
circuited 
d rivc transistor 
would leave one of the collectors 
at the higher \oltage 
even now. This too would turn on Q7. 
indicating 
a different 
type of failure. 
Software 
could per- 


form these checks 
once per second 
by executing 
the rou- 


tine every time the software 
countcr 
SUB_DIV is reloaded 


by the interrupt 
routine. 


D.I"\Z Sl'B_DIV.TOSERV 
MOV 
SUB_DIV.1t244 


ORL 
PI.ItIIIOOOOOB 
: RELOAD 
COUNTER 


: SET CO!\'TROL 


OUTPUTS 
HIGH 


OR I 
P2.1t00000 III B 


CLR 
LFRNT 
: FLOAT 
DRIVE 


COLLECTOR 


: TO SHOUI 
D BE 


PULLED 
LOW 


: PULL 
COLLECTOR 
BACK 
DOWN 


CI.R 
I._DASH 


.IB 
TO.FAUIT 
SETB 
I._DASH 


CLR 
I._REAR 


.18 
TO.FAULT 


SET8 
LREAR 


CLR 
R_FR!\'T 


.18 
TO.FAULT 
SET8 
R_FR"\T 
CI.R 
R_DASH 


.18 
TO.FAl'I.T 
SET8 
R_DASH 


CLR 
R-REAR 


.18 
TO.FAULT 


SET8 
R_REAR 


: WITH 
ALL COLLECTORS 
GROU\'DED. 
TO 


SHOULD 
8E HIGH 


: IF SO. CO'\TI"\l'E 
WITH 
I'l:TERRlJPT 
ROUTI'l:E 
. 


.18 
TO.TOSERV 


FAlllT 
: ELECTRICAL 
FAILURE 
:PROCESSI:\G 
ROlITI'\E 
: (LEFT 
TO RFADFR'S 
: IMAGI'l:ATIO'\) 
: CO'\TI\'UE 
WITH 
:I\,TERRUPT 
PROCFSSI!\'G 


The 
complete 
assembled 
program 
listing 
is printed 
in 
Appendix 
A. The resulting 
code consists 
of 67 program 
sla temcnts. 
not cou nt ing decla ra t ions a nd com ments. 


which assemble 
into 
150 bytes of object 
code. 
Each pass 


through 
the service routine 
requires (coincidently) 
67 usec. 


plus 
32 usec once 
per second 
for the electrical 
test. 
If 
executed 
every 4 msec as suggested 
this software 
would 


typically 
reduce 
the throughput 
of the background 
pro- 
gram by less than 2(',. 


Once a microcomputer 
has been designed 
into a system. 
new features 
suddenly 
become 
virtually 
free. 
Software 
could make the emergency 
blinkers 
flash alternately 
or at 
a rate 
faster 
than 
the 
turn 
signals. 
Turn 
signals 
could 
override 
the emergency 
blinkers. 
Adding 
more 
bulbs 


would 
allow 
multiple 
tail 
light 
sequencing 
and 
syncopation 
true flash factor. 
so to speak. 


Design Example #5 - Complex Control 
Functions 


Finally. we'll mix byte and bit operations 
to extend the use 


of 8051 into extremely 
complex 
applications. 


Programmers 
can arbitrarily 
assign I 0 pins to input and 
output 
functions 
only 
if the 
total 
does 
not 
exceed 
32. 


which 
is insufficient 
for applications 
with a very large 


number 
of input variables. 
One way to expand 
the number 


of inputs 
is with 
a technique 
similar 
to 
multiplexed- 


keyboard 
scanning. 


Figure 
19 shows a block diagram 
for a moderately 
com- 


plex programmable 
industrial 
controller 
with the follow- 


ing characteristics: 


• 
64 input variable 
sensors: 


• 
12 output 
signals: 


• 
Combinational 
and sequential 
logic computations: 


• 
Remote 
operation 
with communications 
to a host 


processor 
via a high-speed 
full-duplex 
serial link: 


• 
Two prioriti7ed 
external 
interrupts: 


• 
Internal 
real-time 
and time-of-day 
clocks. 


While 
many 
microprocessors 
could 
be programmed 
to 
provide 
these 
capabilities 
with assorted 
peripheral 
sup- 


port chips. 
an 8051 microcomputer 
needs no other 
inte- 


grated circuits' 


The 
64 input 
sensors 
are 
logically 
arranged 
as an 8x8 


matrix. 
The 
pins 
of Port 
I sequentially 
enable 
each 


column 
of the sensor 
matrix: 
as each 
is enabled 
Port 
0 


reads 
in the 
state 
of each 
sensor 
in that 
column. 
An 


eight-byte 
block in bit-addressable 
RAM 
remembers 
the 


data as it is read in so that after each complete 
scan cycle 
therc is an internal 
map of the current 
state of all sensors. 
Logic functions 
can then directly 
address 
the elements 
of 


the bit map. 


The 
computer's 
serial 
port 
is configured 
as a nine-bit 


UART. 
transferring 
data at 17.000 bytes-per-second. 
The 


ninth bit may distinguish 
between address 
and data bytes. 


Figure 19. Block diagram of 54-Input 
machine 
controller. 


The 8051 serial port can be configured 
to detect bytes with 


the address 
bit set. automatically 
ignoring 
all others. 
Pins 


INTO and INTI 
are interrupts 
configured 
respectively 
as 


high-priority. 
falling-edge 
triggered 
and low-priority. 
low- 


level triggered. 
The remaining 
12 I 0 pins output 
TTL- 


level control 
signals to 12 actuators. 


There 
are several 
ways to implement 
the sensor 
matrix 


circuitry. 
all logically similar. 
Figure 20.a shows one possi- 


bility. Each of the 64 sensors 
consists 
of a pair of simple 


switch contacts 
in series with a diode 
to permit 
multiple 


contact 
closures 
throughout 
the matrix. 


The scan 
lines from 
Port 
1 provide 
eight 
un-encoded 
active-high 
scan 
signals 
for enabling 
columns 
of the 


matrix. 
The return 
lines on rows where a contact 
is closed 
are pulled high and read as logic ones. Open return 
lines 


are pulled to ground 
by one of the 40 kohm resistors 
and 
are read as 7eroes. (The resistor 
values must be chosen 
to 


ensure 
all return 
lines are pulled 
above 
the 2.0 V logic 


threshold. 
even in the worst-case. 
where all contacts 
in an 


enabled 
column 
are closed.) 
Since 
PO is provided 
open- 
collector 
outputs 
and 
high-impedance 
MOS 
inputs 
its 


input loading 
may be considered 
negligible. 


The circuits 
in Figures 
20.b-20.d 
are variations 
on this 


theme. 
When 
input 
signals 
must 
be electrically 
isolated 
from the computer 
circuitry 
as in noisy industrial 
environ- 


ments. 
phototransistors 
can replace 
the switch 
diode 


pairs and provide optical isolation 
as in Figure 20.b. Addi- 


tional 
opto-isolators 
could 
also 
be used on the control 


output 
and special signal lines. 


The other circuits assume 
that input signals are already 
at 


TTL 
levels. 
Figure 
20.c 
uses 
octal 
three-state 
buffers 


enabled 
by active-low 
scan signals 
to gate eight 
signals 


onto 
Port O. Port 0 is available 
for memory 
expansion 
or 


peripheral 
chip interfacing 
between 
sensor 
matrix 
scans. 


Eight-to-one 
multiplexers 
in Figure 
20.d select 
one 
of 
eight inputs for each return 
line as determined 
by encoded 
address 
bits output 
on three 
pins of Port 
I. (Five 
more 


output 
pins are thus 
freed for more control 
functions.) 


Each output 
can drive at least one standard 
TTL or up to 


10 low-power 
TTL loads without 
additional 
buffering. 


Going back to the original 
matrix circuit. 
Figure 21 shows 


the method 
used to scan the sensor matrix. 
Two complete 


bit maps are maintained 
in the bit-addressable 
region 
of 


the RAM:'one 
for the current 
state and one for the pre- 
vious 
state 
read 
for each 
sensor. 
If the need arises. 
the 


program 
could 
then 
sense 
input 
transitions 
and 
or 


debounce 
contact 
closures 
by comparing 
each bit with its 


earlier 
value. 
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a.) Using switch contact/diode 
matrix. 
b.) Using optically-coupled 
isolators. 
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c.) Using TTL three-state buffers. 
d.) Using TTL data selectors. 


The c<lde in I",,"nrk 
_, Imrkmenh 
the ,eannin!! 
al!!o- 


rithm 
lor 
the 
C1rCUlh in h!!urc 
]O.a. 
faeh 
column 
i, 


cJ1ahkd 
h~ ,elllJ1!! a \iJ1!!le hit iJ1a field of Icroe,. 
The hil 


map'" afC po",iti\c 
logic: 
one •.•rcrn.~"'l'nt con tach 
that 
an: 


cln ...cd or i... 
o]ator ....(urnL'd 
on. 


l'I'I'I_SC/\' 
: Sl'BROi'"]"1 
10 Rf/\D 


CTRRI"'\I 
SI \11 


: 01- 0-1 "r'''ORS\ 
'\ D 


<; \ \T 
l'\ 
R\ \1 20H-27H 


\10\' 
RO."20H 
: l'\n 
1\1171- 


: I'OI'\TFRS 


\10\' 
RI."2XH 
: I·OR BII \1/\1' 
: BASES. 


MaY 
A.IIROH 


SCA'\: 
MaY 
PI.A 


RR 
A 


MaY 
R2.A 


MaY 
A.PO 


XCH 
A.(ii1RO 


MaY 
@RJ.A 


I'\C 
RO 
I'\C 
RI 
MaY 
A.R2 


.I'\B 
ACe.7.SCA'\ 


RFT 


: SET FIRST 
BIT 1'\ 


ACe. 


: OUTPllT 
TO SCA'\ 


I.I'\ES. 
: SHIFT 
1"0 E'\ABJ.E 
,\EXT 
COI.UM:" 


!'\EXT. 


: REMEMBER 
CUR- 


RE'\T 
SCA:" 


POSITIO'\. 
: REAf) 
RETlIR:" 


1.1'\ FS. 
: SWITCH 
WITH 


PRFVIOl'S 
MAP 


BITS. 
: SAYE 
PREYIOUS 


STATE 
AS WELL. 


: BUMP 
POI'\TERS. 


: RELOAD 
SCA'\ 
II'\F 
MASK 
: LOOP 
ll:"TII. 
ALL 


EIG HT caul M:"S 
READ. 


What 
harpens 
after 
the sensors 
have 
been 
scanned 


depends 
on the individual 
aprlication. 
Rather 
than 


il1\'enting some artificial 
design rroblem. 
software 
corres- 


ronding 
to commonplace 
logic elements 
\\ ill be discus,ed. 


COll1hinarorial 
DU1lnll 
Variahles. 
An out rut 
variable 


which is a simrle 
(or not so simple) 
combinational 
func- 


tion of sev-cral input variables 
i, computed 
in the spirit of 


Design 
Example 
3. All 64 inputs arc represented 
in the bit 


maps: in fact. the sensor numbers 
in Figure 20 correspond 


to the absolute 
bit addresses 
in RA M I The code in Exam- 


ple 4 activates 
an actuator 
connected 
to 1'2.2 when sensors 


12.23. and 34 arc closed and sensors 
45 and 56 arc open. 


Example 
4. 


Simrle 
Comhinatorial 
Out rut Variables. 


: SF r 1'2.2 = (12) (23) (34) ( 45) ( 56) 


MO\' 
e.12 
A'\I 
e.23 
A'\ I. 
e.J4 


A'\1. 
e. 45 


A '\1. 
e. 56 


MaY 
P2.2.C 


Intermediale 
!'ariahles. 
The 
examination 
of a tyr,cal 
relay-logic 
ladder 
diagram 
will show 
that 
man" 
of the 


rungs control 
nol out ruts 
but rather 
relays whose con- 


tacts 
figure 
into the computation 
of other 
functions. 
In 
effect. these relays indicate 
the state of intermediate 
varia- 


bles of a computation. 


The MCS-51'· 
solution 
can use any directly 
addressable 


bit for the storage 
of such intermediate 
variables. 
Even 
when all 128 bits of the RAM array arc dedicated 
(to input 


bit maps in this example). 
the accumulator. 
PSW. and B 


register 
provide 
18 additional 
flags 
for intermediate 
variables. 


For 
example. 
suppose 
switches 
0 through 
3 control 
a 


safet" interlock 
"stem. 
Closing any of them should deac- 


tivate certain 
outputs. 
Figure 
22 is a ladder 
diagram 
for 


this situation. 
The interlock 
function 
could be recomruted 


for every out rut affected. 
or it may be eomruted 
once and 
saved (as imrlied 
by the diagram). 
As the program 
rro- 
ceeds this bit can qualif" 
each out rut. 


Examrle 
5. Ineorrorating 
Override 
,ignal 
Into actuator 


out ruts. 


CALI 
I'\PL'T_SCA'\ 
MaY 
e.o 


ORI. 
e.l 
ORI. 
e.2 
ORI. 
e.3 


MaY 
mc 


A"\l. 
C. 
FO 


MOV 
PI.O.C 


A"\l. 
C. 
Fe) 
MOV 
P1.I.C 


A"\' 
C. 
Fe) 
Mm' 
PI.2.C 


Figure 22. Ladder diagram for output override 
circuitry. 


Latchinl? Relays. A latching 
relay can be forced into either 


the ON or OFF state by two corresponding 
input signals. 
where it will remain 
until forced onto the opposite 
state- 
analogous 
to a TTL Set 
Reset flip-flop. 
The relay is used 


as an intermediate 
variable 
for other calculations. 
In the 


previous 
example. 
the emergency 
condition 
could 
be 


remembered 
and 
remain 
active 
until 
an "emergency 


cleared" 
button 
is pressed. 


Any flag or addressabl'e 
bit may represent 
a latching 
relay 


with a few lines of code (see Example 
6). 


:I._<;ET 
LSET: 


SET Fl.AG 
0 IF C=I 
ORl. 
C.FO 


MOV 
FO.C 


:l._RSFT 
RESET 
Fl.AG 
0 IF C= I 
I._RSET: 
CPS 
C 
ANI. 
C.FO 


MOV 
FO.C 


Time Delar 
Rela.l's. A time delay relay does not respond 


to an input signal until it has been present 
(or absent) 
for 


some 
predefined 
time. 
For 
example. 
a ballast 
or load 
resistor 
may be switched 
in series with a D.C. motor 
when 
it is first turned 
on. and shunted 
from the circuit after one 
second. 
This sort of time delay 
may be simulated 
by an 
interrupt 
routine 
driven 
by one of the two 8051 timer 
counters. 
The procedure 
followed 
by the routine 
depends 


heavily on the details 
of the exact function 
needed: 
time- 
outs or time delays with reset table or non-resettable 
inputs 
are possible. 
If the interrupt 
routine 
is executed 
every 
10 


milliseconds 
the code 
in Example 
7 will clear an inter- 
mediate 
variable 
set by the background 
program 
after 
it 


has been active for two seconds . 


.INS 
USR-FLG.NXTTST 


D.lNZ 
DI.A Y_COLJNT.NXTTST 


CI.R 
USRJI.G 


MOV 
DLA Y_COLJNT.#200 


Serial 
Interface 
to Remote 
Processor. 
When 
it detects 
emergency 
conditions 
represented 
by certain 
input com- 


binations 
(such as the earlier 
Emergency 
Override). 
the 


controller 
could 
shut 
down 
the 
machine 
immediately 
and 
or alert the host processor 
via the serial port. 
Code 


bytes indicating 
the nature of the problem 
could be trans- 
mitted 
to a central 
computer. 
In fact. at 17.000 bytes-per- 


second. 
the entire contents 
of both bit maps could be sent 


to the host 
processor 
for further 
analysis 
in less than 
a 


millisecond! 
If the host decides that conditions 
warrant. 
it 


could 
alert other 
remote 
processors 
in the system 
that a 


problem 
exists 
and 
specify 
which 
shut-down 
sequence 


each should 
initiate. 
For more information 
on using the 


serial port. consult 
the MCS-51'· 
User's Manual. 


Response 
Tim;nj{. 
One difference 
between 
relay and programmed 
industrial 
controllers 
(when each is considered 
as a "black 
box") 
is 


their 
respective 
reaction 
times 
to input 
changes. 
As 


reflected 
by a ladder 
diagram. 
relay 
systems 
contain 
a 


large number 
of"rungs"operating 
in parallel. 
A change 
in 
input conditions 
will begin propagating 
through 
the sys- 
tem immediately. 
possibly 
affecting 
the output 
state 


within 
milliseconds. 


Software. 
on the 
other 
hand. 
operates 
sequentially. 
A 


change 
in input 
states 
will not be detected 
until the next 
time an input 
scan is performed. 
and will not affect the 
outputs 
until that section 
of the program 
is reached. 
For 


that reason 
the raw speed of computing 
the logical func- 
tions is of extreme 
importance. 


Here the Boolean 
processor 
pays off. Even' instruction 
mentioned 
in this Note completes 
in one or two micro- 


seconds 
the minimum 
instruction 
execution 
time 
for 
many other 
microcontrollers! 
A ladder diagram 
contain- 
ing a hundred 
rungs. with an average 
of four contacts 
per 
rung can be replaced 
by approximately 
five hundred 
lines 
of software. 
A complete 
pass through 
the entire 
matrix 


scanning 
routine 
and 
all computations 
would 
require 


about 
a millisecond; 
less than 
the time it takes 
for most 


relays to change 
state. 


A programmed 
controller 
which simulates 
each Boolean 


function 
with a subroutine 
would 
be less efficient 
by at 
least an order 
of magnitude. 
Extra software 
is needed for 
the simulation 
routines. 
and 
each 
step 
takes 
longer 
to 


execute 
for three 
reasons: 
several 
byte-wide 
logical 
instructions 
are executed 
per user program 
step (rather 
than 
one Boolean 
operation); 
most of those instructions 


take longer 
to execute 
with microprocessors 
performing 
multiple 
off-chip 
accesses; and calling and returning 
from 
the various 
subroutines 
requires 
overhead 
for stack 


operations. 


In fact. 
the speed 
of the 
Boolean 
Processor 
solution 
is 
likely to be much 
faster 
than 
the system 
requires. 
The 
CPU 
might 
use the time left over to compute 
feedback 
parameters. 
collect and analyze 
execution 
statistics. 
per- 


form system diagnostics. 
and so forth. 


With 
the building-block 
basics 
mentioned 
above 
many 
more operations 
may be synthesized 
by short 
instruction 


sequences. 


Exclusive-OR. 
There are no common 
mechanical 
devices 


or relays analogous 
tathe 
Exclusive-OR 
operation. 
so this 
instruction 
was 
omitted 
from 
the 
Boolean 
Processor. 


However. 
the Exclusive-OR 
or Exclusive-NOR 
operation 
may be performed 
in two instructions 
by conditionally 


complementing 
the carry or a Boolean 
variable 
based on 
the state of any other 
testable 
bit. 


; EXCLUSIVE-OR 
FUNCTION 
IMPOSED 
ON CARRY 
; USING 
FO IS II\'PUT 
VARIABLE. 


XORJO: 
.INB 
FO.XORCNT 
; (".IB" FOR X-NOR) 


CPL 
C 
XORCNT: 
... 


XCH. The contents 
of the carry and some other bit may be 
exchanged 
(switched) 
by using the accumulator 
as tempo- 


rary storage. 
Bits can be moved 
into and out of the accu- 


mulator 
simultaneously 
using 
the 
Rotate-through-carry 


instructions. 
though 
ihis 
would 
alter 
the 
accumulator 


data. 


; EXCHANGE 
CARRY 
WITH 
USRFLG 
XCHBIT: 
RLC 
A 
MOV 
C.USRJI.G 
RRC 
A 
MOV 
USR-Fl.G.C 
RLC 
A 


Extended 
Bit AddressillK. The X051 can directly 
address 


144 general-purpose 
bits for all instructions 
in Figure J.b. 


Similar 
operations 
may be extended 
to any bit anyv.here 


on the chip with some loss of efficiency. 


The logical operations 
AND. 
OR. and Exclusive-OR 
are 


performed 
on byte variables 
using six different 
addressing 


modes. 
one 
of which 
lets the source 
be an. immediate 


mask. and the destination 
any directly 
addressable 
byte. 


Any bit may thus be set. cleared. 
or complemented 
v.ith a 


three-byte. 
two-cycle 
instruction 
if the mask 
has all bits 


but one set or cleared. 


Byte variables. 
registers. 
and indirectly 
addressed 
RAM 


may be moved 
to a bit addressable 
register 
(usually 
the 


accumulator) 
in one instruction. 
Once transferred. 
the bits 


may be tested with a conditional 
jump. 
allov.ing 
any bit to 


be polled 
in J microseconds 
still much faster than most 


architectures-or 
used for logical 
calculations. 
(This 


technique 
can 
also 
simulate 
additional 
bit addressing 


modes 
with byte operations.) 


Parity ofhrtes 
or bits. The parity of the current 
accumu- 


lator 
contents 
is always 
available 
in the 
PSW. 
from 


whence 
it may be moved 
to the carry 
and 
further 
pro- 


cessed. 
Error-correct 
ing Ha mmi ng codes 
and si mila r 


applications 
require 
computing 
parity 
on groups 
of iso- 


lated bits. This can be done by conditionally 
complement- 
ing the carry flag based on those bits or by gathering 
the 


bits into the accumulator 
(as shown 
in the DES example) 


and then testing 
the parallel 
parity flag. 


Multiple bl'le shift and CRC codes. 


Though 
the 8051 serial 
port can accommodate 
eight- or 


nine-bit data transmissions. 
some protocols 
involve much 


longer 
bit streams. 
The algorithms 
presented 
in Design 


Example 
2 can be extended 
quite readily to I(, or more bits 
by using multi-byte 
input and output 
buffers. 


Many mass data storage 
peripherals 
and serial communi- 


cations 
protocols 
include 
Cyclic 
Redundancy 
(CRC) 
codes 
to verify data 
integrity. 
The function 
is gencrally 
computcd 
serially 
by hardware 
using shift registers 
and 


Exclusivc-OR 
gates. but it can bc donc with software. 
As 
each bit is received 
into the carry. appropriatc 
bits in tbc 
multi-byte 
data 
buffer 
are conditionally 
complemcnted 


based on the incoming 
data bit. When finished. 
the CRC 
register 
contents 
may be chccked 
for lero 
by ORing 
thc 
two bytes in thc accumulator. 


4. SUMMARY 
A trul~ unique facet ofthc 
Intcl MCS-51'· 
microcomputcr 


family dcsign is thc collection 
offcat ures optimiled 
for thc 
one-bit 
opcrations 
so oftcn desircd in real-world. 
rcal-timc 
control 
applications. 
Included 
arc 17 special instructions. 
a Boolcan 
accumulator. 
implicit 
and 
dircct 
addrcssing 
modcs. 
program 
and 
mass data 
storagc. 
and 
many 
I 0 


options. 
Thcse 
are 
thc 
world's 
first 
single-chip 
micro- 


computers 
able to cfficicntly 
manipulate. 
opcratc 
on. and 
transfer 
either 
bytcs or indiv·idual bits as data. 


This 
Application 
Note 
has detailed 
the information 


necded 
by a microcomputer 
system designer 
to make full 


use of thesc capabilities. 
Five design examples 
were used 
to contrast 
the solutions 
allowed 
by the 8051 and those 


required 
by previous 
architectures. 
Depending 
on 
the 


individual 
application. 
the 8051 solution 
will be easicr to 


design. 
more reliable 
to implement. 
debug. and verify. use 


less program 
memory. 
and run up to an order 
of magni- 
tude faster 
than 
thc samc function 
implementcd 
on prc- 
vious digital 
computcr 
architectures. 


Combining 
bytc- and bit-handling 
capabilities 
in a single 


microcomputcr 
has a strong 
synergistic 
effect: thc powcr 
of the rcsult exceeds the powcr ofbytc-and 
bit-processors 


laboring 
individually. 
Virtually 
all user applications 
will 
bcncfit 
in somc 
ways from 
this duality. 
Data 
intensivc 


applications 
will use bit addrcssing 
for test pin monitoring 
or program 
control 
flags: control 
applications 
will usc 


bvtc manipulation 
for parallcl 
I 0 cxpansicJO 
or arith- 


metic calculations. 


It is hoped 
that thesc dcsign examples 
give the reader an 
appreciation 
of these unique 
features 
and suggest ways to 
exploit 
them in his or her own application. 


ISIS-II MCS-~1 MACRO ASSEMBLER 
Vl.0 
OBJECT MODULE PLACED 
IN .FO:AP70.HEX 
ASSEMBLER 
INVOKED BY: 
:fl.asm~1 ap70 src date(328) 


LOC 
OBJ 
LINE 
SOURCE 


0090 
0091 
0092 
0093 
0094 


2 
3 
4~ 
6 
7 
8 
9 
10 
11 
12 
13 
14 
I~ 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2~ 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3~ 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4~ 
46 
47 
48 +1 


009~ 
0096 
0097 
OOAO 
OOAI 
00A2 


0020 
0000 
0007 


THE FOLLOWING 
PROGRAM 
USES THE BOOLEAN 
INSTRUCTION 
SET 
OF THE 
INTEL gO~1 MICROCOMPUTER 
TO PERFORM 
A NUMBER 
OF 
AUTOMOTIVE 
DASHBOARD 
CONTROL FUNCTIONS 
RELATING 
TO 
TURN SIGNAL CONTROL. 
EMERGENCY 
BLINKERS. 
BRAKE LIGHT 
CONTROL. AND PARKING 
LIGHT OPERATION. 


THE ALGORITHMS 
AND HARDWARE 
ARE DESCRIBED 
IN DESIGN 
EXAMPLE 
*4 OF INTEL APPLICATION 
NOTE AP-70. 
"USING THE 
INTEL MCS-~I<TM) 
BOOLEAN PROCESSING 
CAPABILITIES" 


INPUT PIN DECLARATIONS: 
(ALL INPUTS ARE POSITIVE-TRUE 
LOGIC. 


INPUTS ARE HIGH WHEN RESPECTIVE 
SWITCH CONTACT 
IS CLOSED. ) 


BRAKE 
BIT 
PI.0 
BRAKE PEDAL DEPRESSED 
EMERG 
BIT 
PI. 1 
EMERGENCY 
BLINKER 
ACTIVATED 
PARK 
BIT 
PI.2 
PARKING 
LIGHTS ON 
L_TURN 
BIT 
Pl.3 
TURN LEVER DOWN 
R_TURN 
BIT 
PI.4 
TURN LEVER UP 


OUTPUT PIN DECLARATIONS: 
(ALL OUTPUTS 
ARE POSITIVE 
TRUE LOGIC. 


BULB 
IS TURNED ON WHEN OUTPUT PIN 
IS HIGH. ) 


LfRNT 
BIT 
PI.~ 
FRONT LEFT-TURN 
INDICATOR 
R_FRNT 
BIT 
PI.6 
FRONT RIGHT-TURN 
INDICATOR 
L_DASH 
BIT 
PI.7 
DASHBOARD 
LEFT-TURN 
INDICATOR 
R DASH 
BIT 
P2.0 
DASHBOARD 
RIGHT-TURN 
INDICATOR 
L_REAR 
BIT 
P2. I 
REAR LEFT-TURN 
INDICATOR 
R_REAR 
BIT 
P2. 2 
REAR RIGHT-TURN 
INDICATOR 


S_FAIL 
BIT 
P2.3 
ELECTRICAL 
SYSTEM FAULT 
INDICATOR 


INTERNAL VARIABLE 
DEFINITIONS: 


SUB DIV DATA 
20H 
INTERRUPT RATE SUBDIVIDER 
HI_FREG BIT 
SUB DIV.0 
HIGH-FREGUENCY 
OSCILLATOR 
BIT 
LO_FREG 
BIT 
SUB_DIV. 7 
LOW-FREGUENCY 
OSCILLATOR 
BIT 


DIM 
BIT 
PSW.l 
PARKING 
LIGHTS ON FLAG 


OOOB 
OOOB 7:)8CFO 
OOOE CODO 
0010 0154 


0040 
0040 758AOO 
0043 758CFO 
0046 758961 


0049 7520F4 
004C D2A9 
004E D2AF 
0050 D28C 
0052 80FE 


005A 4390EO 
0050 43A007 
0060 C295 
0062 20B428 
0065 D295 
0067 C297 
0069 20B421 
006C D297 
006E C2A1 
0070 20B41A 
0073 D2Al 
0075 C296 
0077 20B413 
007A D296 
007C C2AO 
007E 20B40C 
0081 D2AO 
0083 C2A2 
0085 20B405 
0088 D2A2 


49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
9'2 
93 
94 
95 
96 
97 
98 
99 
+1 


ORG 


INIT 
MOV 
MOV 
MOV 


ORG 
MOV 
PUSH 
AJMP 


MOV 
SET8 
SETB 
SETB 
SJMP 


ORL 
ORL 
CLR 
J8 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 


OOOBH 
THO.11-16 
PSW 
UPDATE 


0040H 
TLO.1I0 
THO.11-16 
TMOD.1I01100001B 


SUB_DIV.1I244 
ETO 
EA 
TRO 
$ 


P 1,11111OOOOOB 
P2.110000011JB 
L_FRNT 
TO.FAULT 
L_FRNT 
L_DASH 
TO.FAULT 
L_DASH 
L_REAR 
TO.FAULT 
L_REAR 
R_FRNT 
TO.FAULT 
R_FRNT 
R_DASH 
TO.FAULT 
R_DASH 
R_REAR 
TO.FAULT 
R_REAR 


TIMER 0 SERVICE 
VECTOR 


HIGH TIMER BYTE ADJUSTED 
TO CONTROL 
INT. RATE 
EXECUTE 
CODE TO SAVE ANY REGISTERS 
USED 
BELOW 
(CONTINUE WITH REST OF ROUTINE) 


ZERO LOADED 
INTO LOW-ORDER 
BYTE AND 


-16 IN HIGH-ORDER 
BYTE GIVES 
4 MSEC PERIOD 
8-BIT AUTO RELOAD 
COUNTER 
MODE FOR TIMER 
1. 


16-BIT TIMER MODE FOR TIMER 0 SELECTED 
SUBDIV1DE 
INTERRUPT 
RATE BY 244 FOR 
1 HZ 


USE TIMER 0 OVERFLOWS 
TO 
INTERRUPT 
PROGRAM 
CONFIGURE 
IE TO GLOBALLY 
ENABLE 
INTERRUPTS 
KEEP 
INSTRUCTION 
CYCLE 
COUNT UNTIL 
OVERFLOW 
START BACKGROUND 
PROGRAM 
EXECUTION 


EXECUTE 
SYSTEM TEST ONLY ONCE PER SECOND 
GET VALUE FOR NEXT ONE SECOND 
DELAY 
AND 
GO THROUGH 
ELECTRICAL 
SYSTEM 
TEST CODE· 


SET CONTROL 
OUTPUTS 
HIGH 


FLOAT DRIVE COLLECTOR 
TO SHOULD BE PULLED 
LOW 
PULL COLLECTOR 
BACK DOWN 


; REPEAT SEQUENCE 
FOR L_DASH. 


LOC 
OBJ 
LINE 
SOURCE 


100 
CONTINUE WITH 
INTERRUPT PROCESSING: 
101 
102 
1) 
COMPUTE LOW BULB 
INTENSITY WHEN PARKING 
LIGHTS 
ARE ON. 


103 
; 
008F A201 
104 
TOSERV: 
MOV 
C.SUB_DIV 
1 
i 
START WITH 
50 PERCENT. 
0091 8200 
105 
ANL 
C,SUB_DIV. 0 
MASK DOWN TO 25 PERCENT. 


0093 7202 
106 
ORL 
C,SUB_DIV 
2 
BUILD BACK TO 62.5 PERCENT. 
0095 8292 
107 
ANL 
C,PARK 
GATE WITH PARKING 
LIGHT 
SWITCH. 
0097 9201 
108 
MOV 
DIM,C 
AND SAVE 
IN TEMP. VARIABLE. 
109 
110 
2) 
COMPUTE 
AND OUTPUT LEFT-HAND 
DASHBOARD 
INDICATOR. 


111 
; 


0099 A293 
112 
MOV 
C,L_TURN 
; 
SET CARRY 
IF TURN 
009B 7291 
113 
ORL 
C,EMERG 
OR EMERGENCY 
SELECTED. 


0090 8207 
114 
ANL 
C,LO_FREG 
; 
IF 50. GATE 
IN 1 HZ SIGNAL 
009F 9297 
115 
MOV 
L_DASH,C 
; 
AND OUTPUT TO DASHBOARD. 


116 
117 
3) 
COMPUTE 
AND OUTPUT LEFT·-HAND FRONT 
TURN SIGNAL. 


118 
OOAI 9205 
119 
MOV 
FO,C 
SAVE FUNCTION 
SO FAR. 


00A3 7201 
120 
ORL 
C.DIM 
ADD 
IN PARKING 
LIGHT 
FUNCTION 
00A5 9295 
121 
MOV 
L_FRNT,C 
; 
AND OUTPUT TO TURN SIGNAL. 


122 


-" 
123 
4) 
COMPUTE 
AND OUTPUT LEFT-HAND 
REAR TURN SIGNAL. 


0 
124 
; 
a, 
00A7 A290 
125 
MOV 
C,BRAKE 
; 
GATE BRAKE PEDAL 
SWITCH 
c.> 
00A9 B093 
126 
ANL 
C,IL_TURN 
WITH TURN LEVER. 


OOAB 7205 
127 
ORL 
C.FO 
; 
INCLUDE TEMP. VARIABLE 
FROM 
DASH 
OOAD 7201 
128 
ORL 
C,DIM 
AND PARKING 
LIGHT FUNCTION 
OOAF 92Al 
129 
MOV 
L_REAR,C 
; 
AND OUTPUT 
TO TURN SIGNAL. 


130 
131 
5) 
REPEAT ALL OF ABOVE FOR RIGHT-HAND 
COUNTERPARTS. 


132 
OOBI A294 
133 
MOV 
C,R_TURN 
SET CARRY 
IF TURN 
00B3 7291 
134 
ORL 
C,EMERG 
OR EMERGENCY 
SELECTED. 


00B5 8207 
135 
ANL 
C,LO_FREG 
; 
IF SO, GATE 
IN 1 HZ SIGNAL 
00B7 92AO 
136 
MOV 
R_DASH, C 
AND OUTPUT 
TO DASHBOARD. 


00B9 9205 
137 
MOV 
FO,C 
SAVE FUNCTION 
SO FAR. 


OOBB 7201 
138 
ORL 
C,DIM 
ADD 
IN PARKING 
LIGHT 
FUNCTION 
OOBD 9296 
139 
MOV 
R_FRNT, C 
AND OUTPUT 
TO TURN SIGNAL. 
OOBF A290 
140 
MOV 
C,BRAKE 
GATE BRAKE PEDAL 
SWITCH 
OOCI B094 
141 
ANL 
C,/R_TURN 
; 
WITH TURN LEVER. 


00C3 72D5 
142 
ORL 
C,FO 
; 
INCLUDE TEMP. VARIABLE 
FROM 
DASH 
00C5 7201 
143 
ORL 
C,DIM 
; 
AND PARKING 
LIGHT FUNCTION 


00C7 92A2 
144 
MOV 
R_REAR, C 
; 
AND OUTPUT 
TO TURN SIGNAL. 


145 
146 
RESTORE 
STATUS REGISTER 
AND RETURN. 
147 
00C9 DODO 
148 
POP 
PSW 
i 
RESTORE 
PSW 
OOCB 32 
149 
RETI 
AND RETURN 
FROM 
INTERRUPT 
ROUTINE 
150 
~51 
END 


XREF 
SYMBOL 
TABLE 
LISTING 
- ------ ----- 
--- 


NAME 
TYPE 
VALUE 
AND 
REFERENCES 


BRAKE 
N 
BSEG 
0090H 
2011 125 
140 
DIM 
N 
BSEG 
OODIH 
4511 108 
120 
128 
138 
143 
EA. 
N 
BSEG 
OOAFH 
6'1 
EMERG 
N 
BSEG 
0091H 
2111 113 
134 
ETO 
N 
BSEG 
00A9H 
63 
FO. 
N 
BSEG 
00D5H 
119 
127 
137 
142 
FAULT 
L 
CSEG 
008DH 
75 
78 
81 
84 
87 
90 
9711 
HI_FREQ 
N 
BSEG 
OOOOH 
4211 
INIT. 
L 
CSEG 
0040H 
50 
5811 
L_DASH. 
N 
BSEG 
0097H 
3211 77 
79 
115 
, 


L_FRtH. 
N 
BSEG 
0095H 
3011 74 
76 
121 
L_REAR. 
N 
BSEG 
OOAIH 
3411 80 
82 
129 


...• 
L_TURN. 
N 
BSEG 
0093H 
2311 112 
126 


0 
LO_FREQ 
N 
BSEG 
0007H 
4311 114 
135 
m 
PI 
N 
DSEG 
0090H 
20 
21 
22 
23 
24 
30 
31 
32 
72 
~ 
P2. 
N 
DSEG 
OOAOH 
33 
34 
35 
37 
73 
PARK. 
N 
BSEG 
0092H 
2211 107 
PSW 
N 
DSEG 
OODOH 
45 
54 
148 
R_DASH. 
N 
BSEG 
OOAOH 
3311 86 
88 
136 
R_FRNT. 
N 
BSEG 
0096H 
3111 83 
85 
139 
R_REAR. 
N 
BSEG 
00A2H 
3511 89 
91 
144 
R_TURN. 
N 
BSEG 
0094H 
2411 133 
141 
S_FAIL. 
N 
BSEG 
00A3H 
3711 97 
SUB_DIV 
N 
DSEG 
0020H 
4111 42 
43 
62 
69 
70 
104 
105 
106 
TO. 
N 
BSEG 
00B4H 
75 
78 
81 
84 
87 
90 
9b 
TOSERV. 
L 
CSEG 
008FH 
69 
96 
10411 
THO 
N 
DSEG 
008CH 
53 
59 
TLO 
N 
DSEG 
008AH 
58 
TMOD. 
N 
DSEG 
0089H 
60 
TRO 
N 
BSEG 
008CH 
65 


UPDATE. 
L 
CSEG 
0054H 
55 
6911 


ASSEMBLY 
COMPLETE. 
NO 
ERRORS 
FOUND 


APPLICATION 
NOTE 


This is the third application 
note that Intel has produced 


on CRT terminal 
controllers. 
The first Ap Note (ref. I), 


written in 1977, used the 8080 as the CPU and required 
41 packages 
including 
II LSI devices. 
In 1979, another 


application 
note (ref. 2) using the 8085 as the controller 


was produced 
and the chip count decreased to 20 with II 


LSI devices. 


Advancing 
technology 
has integrated 
a complete 
system 


onto a single device that contains a CPU, program mem- 
ory, data memory, 
serial communication, 
interrupt con- 


troller, and lIO. These "computer-on-a-chip" 
devices are 


known 
as microcontrollers. 
Intel's 
MCS"-51 
microcon- 


troller was chosen for this application because of its highly 
integrated 
functions. 
This CRT terminal 
design uses 12 


packages 
with only 4 LSI devices. 


This application 
note has been divided 
into five general 


sections: 
I) CRT Terminal 
Basics 
2) 8051 Description 
3) 8276 Description 
4) Design Background 
5) System Description 


A terminal provides a means for humans to communicate 
with a computer. 
Terminals 
may be as simple as a LED 


display 
and a couple 
of push buttons, 
or it may be an 


elaborate 
graphics 
system 
that contains 
a full function 


keyboard 
with user programmable 
keys, color CRT and 


several 
processors 
controlling 
its functions. 
This appli- 


cation note describes 
a basic low cost terminal containing 


a black and white CRT display, 
full function 
keyboard 


and a serial interface. 


A raster scan CRT displays 
its images by generating 
a 


series of lines (raster) 
across the face of the tube. The 


electron 
beam usually 
starts at the top left hand comer 


moves left to right, back to the left of the screen, moves 
down one row and continues 
on to the right. This is re- 


peated until the lower right hand of the screen is reached. 
Then the beam returns 
to the top left hand comer 
and 


refreshes 
the screen. The beam forms a zigzag pattern as 


shown in Figure 2.1.0. 


Two independent 
operating circuit$ control this movement 


across the screen. 
The horizontal" oscillator 
controls 
the 


left to right motion of the beam wh'ile the vertical controls 
the top to bottom movement. 
The vertical oscillator 
also 


tells the beam when to return to the upper left hand comer 
or "home" 
position. 
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As the electron 
beam moves across the screen under the 


control of the horizontal 
oscillator, 
a third circuit controls 


the current entering the electron gun. By varying the cur- 
rent, the image may be made as bright or as dim as the 
u~.er desires. 
This control 
is also used to turn the beam 
off or "blank 
the screen". 


When the beam reaches the right hand side of the screen, 
the beam is blanked 
so it does not appear on the screen 
as it returns to the left side. This "retrace" 
of the beam 


is at a much faster rate than it traveled across the screen 
to generate the image. 


The time it takes to scan the whole screen and return to 
the home position 
is referred 
to as a "frame". 
In the 


United States, commercial 
television broadcast uses a hor- 
izonal sweep frequency of 15,750Hz which calculates out 
to 63.5 microseconds 
per line. The frame time is equal 


to 16.67 milliseconds 
or 60Hz vertical sweep frequency. 


Although this is the commercial 
standard, many CRT dis- 


plays 
operate 
from 
18KHz 
to 30KHz 
horizonatal 
fre- 


quency. As the horizontal frequency increases, the number 
of lines per frame 
increases. 
This increase 
in lines or 


resolution 
is needed 
for graphic 
displays 
and on special 


text editors that display many more lines of text than the 
standard 24 or 25 character 
lines. 


Since the United States operates 
on a 60Hz A.C. power 


line frequency, 
most CRT monitors use 60Hz as the ver- 


tical frequency. 
The use of 60Hz as the vertical frequency 


allows the magnetic and electrical variations that can mod- 
ulate the electron 
beam to be synchronized 
with the dis- 
play, 
thus they go unnoticed. 
If a frequency 
other than 
60Hz is used, 
special shielding 
and power supply regu- 


lating is usually 
required. 
Very few CRTs operate on a 
vertical frequency 
other than 60Hz due to the increase in 
the overall system cost. 


The CRT controller 
must generate 
the pulses that define 
the horizontal 
and vertical 
timings. 
On most raster scan 
CRTs 
the horizontal 
frequency 
may vary as much 
as 
500Hz without any noticeable 
effect on the quality of the 
display. 
This variation 
can change 
the number 
of hori- 
zontal lines from 256 to 270 per frame. 


The CRT controller 
must also shift out the information 
to 
be displayed serially to the circuit that controls the electron 
beam's 
intensity as it scans across the screen. The circuits 
that control the timing associated 
with the shifting of the 
information 
are known as the dot clock and the character 
clock. The character 
clock frequency 
is equal to the dot 
clock frequency 
divided by the number of dots it takes to 
form a character 
in the horizontal 
axis. 
The dot clock 
frequency 
is calculated 
by the following 
equation: 


Dot Clcok (Hz) = (N + R)*D*L *F 


where 


N is the number of displayed 
characters 
per row, 
R is the number of character 
times for the retrace, 


D is the number 
of dots per character 
in the hori- 
zontal axis, 
L is the number of horizontal 
lines per frame, 
F is the frame rate in Hz. 


In this 
design 
N = 80, 
R = 20, 
D = 7, L = 270, 
and 
F = 60Hz. Plugging 
in the numbers results in a dot clock 
frequency 
of 11.34MHz. 


The retrace number 
may vary on each design because it 
is used to set the left and right hand margins on the CRT. 
The number of dots per character is chosen by the designer 
to meet the system needs. In this design, a 5 x 7 dot matrix 
and 2 blank dots between each character (see Figure 2.1.1) 
makes D equal to 5 + 2=7. 


The following 
equation can be used to figure the number 
of lines per frame: 


where 
H is the number of horizontal 
lines per character, 
Z is the number of character 
lines per frame, 
V is the number of horizontal 
line times during the 
vertical retrace 


In this design 
H is equal 
to the 7 horizontal 
dots per 
character plus 3 blank dots between each row which adds 
up to 10. Also 25 lines of characters 
are displayed, 
so 
Z = 25. The vertical retrace time is variable to set the top 
and bottom margins on the CRT and in this design is equal 
to 20. Plugging 
in the numbers 
gives L = 270 lines per 
frame. 


A keyboard is the common way a human enters commands 
and data to a computer. 
A keyboard 
consists of a matrix 
of switches that are scanned every couple of milliseconds 
by a keyboard 
controller 
to determine 
if one of the keys 
has been pressed. 
Since the keyboard 
is made up of me- 
chanical 
switches 
that 
tend 
to bounce 
or 
"make 
and 
break" 
contact 
every time they are pressed, 
debouncing 
of the switches 
must also be a function of the keyboard 
controller. 
There 
are dedicated 
keyboard 
controllers 
available that do everything 
from scanning the keyboard, 


debouncing 
the keys, decoding 
the ASCII code for that 
key closure to flagging the CPU that a valid key has been 
depressed. 
The keyboard 
controller 
may present the in- 
formation 
to the CPU in parallel form or in a serial data 
stream. 


This Application 
Note. integrates 
the function of the key- 
board controller 
into the 8051 which is also the terminal 
controller. 
Provisions 
have been made to interface 
the 
8051 to a keyboard 
that uses a dedicated 
keyboard 
con- 
troller. The 8051 can accept data from the keyboard con- 
troller in either parallel or serial format. 


Communication 
between 
a host computer 
and the CRT 
terminal 
can be in either parallel 
or serial data format. 


Parallel data transmission 
is needed 
in high end graphic 


terminals 
where 
great amounts 
of information 
must be 
transferred. 


One can rarely type faster than 
120 words per minute, 


which corresponds 
to 12 characters 
per second or I char- 
acter per 83 milliseconds. 
The utilization of a parallel port 
cannot justify the cost associated 
with the drivers and the 
amount of wire needed to perform this transmission. 
Full 
duplex serial data transmission 
requires 3 wires and two 
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drivers to implement the communication 
channel between 
the host computer 
and the terminal. 
The data rate can be 


as high as 19200 BA UD in the asynchronous 
serial format. 


BAUD rate is the number of bits per second received or 
transmitted. 
In the asynchronous 
serial format, 
10 bits of 
information 
is required 
to transmit 
one character. 
Ont! 
character 
per 500 microseconds 
or 1,920 characters 
per 


second would then be trasmitted 
using 19.2 KBAUD. 


This application 
note uses the 8051 serial port configured 


for full duplex asynchronous 
serial data transmission. 
The 


software for the 8051 has been written to support variable 
BAUD rates from 150 BAUD up to 9.6 KBAUD. 


The 8051 
is a single chip high-performance 
microcon- 


troller. 
A block diagram 
is shown 
in figure 3.0.0. 
The 


8051 combines 
CPU; Boolean processor; 
4K x 8 ROM: 
128 
X 
8 RAM; 
32 I/O lines; two 
l6-bit 
timer/ event 


counters; 
a five-source, 
two-priority-level, 
nested 
inter- 
rupt structure; 
serial 
I/O port for either 
multiprocessor 


communications, 
I/O expansion, 
or full duplex 
UART; 
and on-chip oscillator 
and clock circuits. 
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Pl.0 


Pl,1 


Pl.2 


Pl.3 
Pl.4 
Pl.5 


Pl.6 


Pl.7 


RST 


P3.O!RXO 


P3.1rrxO 


P3.21INTO 


P3.3/1NTl 


P3.41TO 


P3.SlTl 


P3.6/WR 


P3.7/RO 


XTAL.2 


XTALl 
vss 


vcc 


PO.OIACO 


PO.l/AD1 


PO.21A02 


PO.31AD3 


PO.4/AD4 


PO.5IAD5 


PO.6AD6 


PO.7A07 


EAlVPP 


AlEJPROG 


PSEN 


P2.7/A15 


P2.61A14 


P2.5IA13 


P2."'A12 


P2.3JA11 


P2.21Al0 


P2.1/A9 


P2.0/A8 


Eftleient use of program memory results from an instruc- 
tion set consisting 
of 49 single-byte, 
45 two-byte and 17 
three-byte 
instructions. 
Most 
arithmetic, 
logical 
and 
branching 
operations 
can be performed 
using an instruc- 
tion that appends either a short address or a long address. 
For example, 
branches 
may use either an offset that is 


relative to the program counter which takes two bytes or 
a direct 16-bit address which takes three bytes to perform. 
As a result, 64 instructions 
operate in one machine cycle, 
45 in two machine 
cycles, 
and the multiply 
and divide 
instruction 
execute in 4 machine cycles. 


The 8051 has five addressing 
modes for source operands: 
Register, 
Direct, 
Register-Indirect, 
Immediate, 
and 
Based-Register-plus 
Index-Register-Indirect 
Addressing. 


The Boolean 
Processor 
can be thought 
of as a separate 
one-bit CPU. 
It has its own accumulator 
(the carry bitl, 


instruction 
set for data moves, logic, and control transfer, 


and 
its own 
bit addressable 
RAM 
and I/O. 
The 
bit- 
manipulating 
instructions 
provide 
optimum 
code 
and 


speed efficiency 
for handling 
on chip peripherals. 
The 


Boolean processor also provides a straight forward means 
of converting 
logic equations directly into software. Com- 
plex combinational 
logic functions can be resolved without 
extensive 
data 
movement, 
byte masking, 
and test-and- 
branch trees. 


The CPU manipulates 
operands 
in four memory spaces. 
These are the 64K-byte 
Program Memory, 
64K-byte Ex- 
ternal Data Memory, 
128-byte Internal Data Memory, and 
128-byte 
Special 
Function 
Registers 
(SFRs). 
Four Reg- 
ister Banks (each with 8 registers), 
128 addressable 
bits, 


and the Stack reside in the internal Data RAM. The Stack 
size is limited only by the available 
Internal Data RAM 
and its location is determined 
by the 8-bit Stack Pointer. 


All registers except for the Program Counter and the four 
8-Register 
Banks reside in the SFR address space. These 
memory 
mapped 
registers 
include 
arithmetic 
registers, 


pointers, va ports, and registers for the interrupt system, 
timers, 
and serial channel. 


Registers 
in the four 8-Register 
Banks can be addressed 
by Register, 
Direct, 
or Register-Indirect 
Addressing 
modes. 
The 128 bytes of internal 
Data Memory 
can be 
addressed 
by Direct or Register-Indirect 
modes while the 
SFRs are only addressed 
directly. 


The 805 I has instructions 
that can treat the 32 110 lines 
as 32 individually 
addressable 
bits or as 4 parallel 8-bit 
ports addressable 
as Ports 0, I, 2, and 3. 


Reselling the 8051 writes a logical I to each pin on port 0 
which places 
the output 
drivers 
into a high-impedance 
mode. Writing a logical 0 to a pin forces the pin to ground 
and sinks current. 
Re-writing 
the pin high will place the 
pin in either an open drain output or high-impedance 
input 
mode. 


Ports 
I, 2, and 3 are known 
as quasi-bidirectional 
va 
pins. Reselling the device writes a logical one to each pin. 
Writing a logical 0 to the pin will force the pin to ground 
and sink current. 
Re-writing 
the pin high will place the 
pin in an output mode with a weak depletion pull up FET 
or in the input mode. 
The weak pullup 
FET is easily 
overcome 
by a TTL output. 


Ports 0 and 2 can also be used for off-chip 
peripheral 
expansion. 
Port 0 provides 
a multiplexed 
low-order 
ad- 
dress and data bus while Port 2 contains 
the high-order 
address 
when using external 
Program 
Memory 
or more 
than 256 byte external Data Memory. 


Port 3 pins can also be used to provide external interrupt 
request inputs, event counter 
inputs, the serial port TXD 


and RXD pins and to generate 
control 
signals used for 
writing and reading external 
peripherals. 


External 
events and the real-time-driven 
on-chip 
periph- 
erals require service by the CPU asynchronous 
to the ex- 
ecution of any particular 
section of code. A five-source, 
two-level, 
nested interrupt system ties the real time events 
to the normal program execution. 


The 8051 has two external interrupt sources, one interrupt 
from each of the two timer/counters, 
and an interrupt from 
the serial port. 
Each interrupt 
vectors 
the program 
exe- 
cution to its own unique 
memory 
location 
for servicing 
the interrupt. 
In addition, 
each of the five sources can be 
individually 
enabled 
or disabled 
as well as assigned 
to 
one of the two interrupt 
priority 
levels available 
on the 
8051. 


Up to two additional external interrupts can be created by 
configuring 
a timer/counter 
to the event counter mode. In 
this mode the timer/counter 
increments 
on command 
by 
either the TO or TI pin. An interrupt 
is generated 
when 
the timer/counter 
overflows. 
Thus if the timer/counter 
is 
loaded 
with the maximum 
count, 
the next high-to-Iow 
transition of the event counter input will cause an interrupt 
to be generated. 


The 8051's 
serial port is useful for linking peripheral 
de- 
vices as well as multiple 
8051 s through 
standard 
asyn- 
chronous 
protocols 
with full duplex operation. 
The serial 
port also has a synchronous 
mode for expansion 
of va 
lines using shift registers. 
This hardware serial port saves 
ROM code and permits a much higher transmission 
rate 
than could be achieved 
through software. 
The processor 
merely needs to read or write the serial buffer in response 
to an interrupt. The receiver is double buffered to eliminate 
the possibility 
of overrun 
if the processor 
failed to read 
the buffer before the beginning 
of the next frame. 


The 
full duplex 
asynchronous 
serial 
port provides 
the 
means 
of communication 
with standard 
UART 
devices 
such as CRT terminals 
and printers. 


The reader should refer to the microcontroller 
handbook 
for a complete 
discussion 
of the 8051 
and its various 
modes of operation. 


The 8276's block diagram and pin configuration 
are shown 
in Figure 4.0.0. 
The following 
sections describe the gen- 
eral capabilities 
of the 8276. 


LC3 
VCC 
LC2 
NL 
LCl 
NC 
LCa 
LTEN 
BDRY 
RVV 
us 
VSP 
HRTC 
GPAl 
VRTC 
GPAo 
Jm 
HLGT 
WI' 
INT 
LINE 
NC 
CCLK 
COUNTER 
DBa 
CC6 
DBl 
CCs 


ROW 
DB2 
CC4 


COUNTER 
DB3 
CC3 


DB4 
CC2 
DBs 
CCl 


MRTC 
DB6 
CCa 
VRTC 
DB7 
CS 


RASTER 
TIMING 
MLGT 
GND 
C/IS 
AND 
RVV 


VIDEO 
CONTROL 
LTEN 
vsp 


The 8276, 
having 
been programmed 
by the system de- 


signer for a specific screen format, 
generates 
a series of 


Buffer Ready signals. 
A row of characters 
is then trans- 


ferred by the system controller 
from the display memory 
to the 8276's 
row buffers. 
The row buffers are filled by 
deselecting 
the 8276 CS and asserting 
the BS and WR 


signals. 
The 8276 presents 
the character 
codes to an ex- 


ternal 
character 
generator 
ROM 
by using 
outputs 


CC~C6. 
The parallel data from the outputs of the char- 
acter generator 
is converted 
to serial information 
that is 
clocked by external dot timing logic into the video input 
of the CRT. 


The character 
rows are displayed 
on the CRT one line at 


a time. 
Line count outputs 
LCO-LC3 
select the current 
line information 
from the character 
generator 
ROM. The 


display process is illustrated in Figure 4. 1.0. This process 
is repeated 
for each display character 
row. At the begin- 
ning of the last display row the 8276 generates an interrupt 
request by raising its INT output line. The interrupt request 


is used by the 8051 system controller 
to reinitialize 
its 


load buffer pointers for the next display refresh cycle. 


Proper CRT refreshing 
requires that certain 8276 param- 
eters be programmed 
at system 
initialization 
time. 
The 
8276 has two types of internal 
registers; 
the write only 


Command 
(CREG) and Parameter (PREG) Registers, 
and 
the read only Status Register (SREG). 
The 8276 expects 


to receive a command 
followed by 0 to 4 parameter bytes 
depending 
on the command. 
A summary 
of the 8276's 


instruction 
set is shown 
in Figure 4.1.1. 
To access the 


registers, 
CS must be asserted along with WR or RD. The 
status of the C/P pin determines 
whether the command or 
parameter 
registers 
are selected. 


The 8276 allows 
the designer 
flexibility 
in the display 
format. 
The display may be from I to 80 characters 
per 
row, I to 64 rows per screen, and I to 16 horizontal 
lines 


per character 
row. 
In addition, 
four curser 
formats 
are 
available; 
blinking, 
non-blinking, 
underline, 
and reverse 
video. The curser position 
is programmable 
to anywhere 


on the screen via the Load Curser command. 


The 8276 provides two timing outputs for controlling 
the 


CRT. The Horizontal Retrace Timing and Control (HRTC) 
and Vertical Retrace Timing and Control (VRTC) signals 
are used for synchronizing 
the CRT horizontal and vertical 


oscillators. 
A third output, 
VSP (Video Suppress), 
pro- 


vides a signal to the dot timing logic to blank the video 
signal during the horizontal 
and vertical retraces. 
LTEN 


(Light Enable) is used to provide the ability to force the 


video output high regardless of the state of the VSP signal. 
This feature is used to place the cursor on the screen and 
to control attribute functions. 


RVV (Reverse 
Video) output, 
if enabled, 
will cause the 
system to invert its video output. 
The fifth timing signal 


output, HLGT (highlight) allows the flexibility to increase 
the CRT beam intensity to a greater than normal level. 


NO. OF 


PARAMETER 
COMMAND 
BYTES 
NOTES 


RESET 
4 
Display format 
parameters 
required 


START 
0 
DMAoperatio-n 
DISPLAY 
parameters 
included in 
command 


STOP 
0 
- 
DISPLAY 


RED LIGHT 
2 
- 
PEN 


LOAD 
2 
Cursor X, Y position 
CURSOR 
parameters 
required 


ENABLE 
0 
- 


INTERRUPT 


DISABLE 
0 
- 
INTERRUPT 


PRESET 
0 
Clears all internal 


COUNTERS 
counters 


4.3 
Special Functions 


4.3.1 
Special Codes 


The 8276 recognizes 
four special codes that may be used 
to reduce memory, 
software, 
or system controller 
over- 
head. These characters are placed within the display mem- 
ory by the system controller. 
The 8276 performs certain 


tasks 
when these 
codes 
are received 
in its row buffer 
memory. 


1) End of Row Code - 
Activates 
VSP. 
VSP remains 
active until the end of the line is reached. 
While VSP 
is active the screen is blanked. 


2) End Of Row-Stop 
Buffer Loading 
Code - 
Causes the 


Buffer 
Ready control 
logic to stop requesting 
buffer 
transfers 
for the rest of the row. It affects the display 
the same as End of Row Code. 


3) End Of Screen Code - 
Activates VSP. VSP remains 


active until the end of the frame is reached. 


4) End Of Screen-Stop 
Buffer Loading 
Code - 
Causes 


the Buffer Ready control 
logic to stop requesting 
buffer 
transfers 
until the end of the frame is reached. 
It affects 


the display the same way as the End of Screen code. 


4.3.4 
Programmable 
Buffer Loading 


Control 


The 8276 can be programmed 
to request 
I, 2, 4, or 8 


characters 
per Buffer load. The interval between loads is 


also programmable. 
This allows the designer the flexibility 


to tailor 
the buffer 
transfer 
overhead 
to fit the system 
needs. 


Each scan line requires 
63.5 microseconds. 
A character 
line consists of 10 scan lines and takes 635 microseconds 
to form. The 8276 row buffer must be filled within the 
635 microseconds 
or an under run condition 
will occur 
within the 8276 causing the screen to be blanked until the 
next vertical retrace. This blanking will be seen as a flicker 
in the display. 


A fully functional, 
microcontroller-based 
CRT terminal 
was designed and constructed using the 8051 and the 8276. 
The terminal has many of the functions 
that are found in 
commercially 
available 
low cost terminals. 
Sophisticated 
features such as programmable 
keys can be added easily 


with modest amounts of software. 


The 8051 's functions 
in this application 
note include: up 
to 9.6K BAUD full duplex serial transmission; 
decoding 


special messages 
sent from the host computer; 
scanning, 


debouncing, 
and decoding a full function keyboard; 
writ- 


ing to the 8276 row buffer from the display RAM without 
the need for a DMA controller; 
and scrolling the display. 


The 8276 CRT controller's 
functions 
include: presenting 


the data to the character 
generator; 
providing 
the timing 


signals needed for horizontal and vertical retrace; and pro- 
viding blanking 
and video information. 


Since the device count relates to costs, size, and reliability 
of a system, 
arriving at a minimum 
device count without 
degrading 
the performance 
was a driving 
force for this 


application 
note. LSI devices 
were used where possible 
to maintain a low chip count and to make the design cycle 
as short as possible. 


PUM-51 
was chosen to generate the majority of the soft- 
ware for this application 
because 
it models 
the human 
thought 
process 
more closely 
than assembly 
language. 


Consequently 
it is easier and faster to write programs using 


PUM-5l 
and the code is more likely to be correct because 
less chance exists to introduce errors. 


PUM-51 
programs 
are easier 
to read and follow 
than 


assembly 
language programs, 
and thus are easier to mod- 


ify and customize 
to the end user's application. 
PUM-51 
also offers lower development 
and maintenance 
costs than 
assembly 
language 
programming. 


PUM-51 
does have a few drawbacks. 
It is not as efficient 


in code generation 
relative to assembly language and thus 
may also run slower. 


This application 
note uses the 8051's interrupts to control 


the servicing of the various peripherals. 
The speed of the 
main program 
is less critical if interrupts are used. In the 
last two application 
notes on terminal 
controllers, 
a cri- 
terion of the system was the time required 
for receiving 
an incoming serial byte, decoding it, performing the func- 
tion requested, 
scanning 
the keyboard, 
debouncing 
the 
keys, and transmitting 
the decoded 
ASCII code must be 
less than the vertical refresh time. Using the 8051 and its 
interrupts 
makes this time constraint 
irrelevant. 


The design specifications 
for the CRT terminal design is 
as follows: 


Display 
Format 


• 
80 characters/display 
row 
• 
25 display lines 


Character 
Format 


• 
5 x 7 character 
contained 
within a 7 x 
10 frame 


• 
First and seventh columns blanked 


• 
Ninth line curser position 


• 
Programmable 
delay blinking underline 
curser 


Control 
Characters 
Recognized 


• 
Backspace 
• 
Linefeed 
• 
Carriage 
Return 
• 
Form Feed 


Escape Sequences 
Recognized 


• 
ESC A, Curser up 
• 
ESC B, Curser down 
• 
ESC C, Curser right 


• 
ESC D, Curser left 
• 
ESC E, Clear screen 
• 
ESC F, Move addressable 
curser 
• 
ESC H, Home curser 


• 
ESC J, Erase from curser to the end the screen 
• 
ESC K, Erase the current line 


Characters 
Displayed 


• 
96 ASCII Alphanumeric 
Characters 


Characters 
Transmitted 


•. 96 ASCII Alphanumeric 
Characters 


• 
ASCII Control Character 
Set 


• 
ASCII Escape Sequence 
Set 


• 
Auto Repeat 


Display 
Memory 


• 
2K x 8 static RAM 


Data Rate 


• 
Variable 
rate from 150 to 9600 BAUD 


CRT Monitor 


• 
Ball Bros TV-12, 
12MHZ Black and White 


Keyboard 


• 
Any standard undecoded 
keyboard 
(2 key lock-out) 


• 
Any standard decoded keyboard with output enable pin 


• 
Any standard decoded serial keyboard up to 150 BAUD 


A block diagram of the CRT terminal is shown in figure 
6.0.0. 
The diagram 
shows only the essential system fea- 
tures. A detailed 
schematic 
of the CRT terminal 
is con- 


tained in the Appendix 
7.1. 


The "brains" 
of the CRT terminal is the 8051 microcon- 
troller. The 8276 is the CRT controller in the system, and 
a 2716 EPROM 
is used as the character 
generator. 
To 
handle 
the high speed portion 
of the CRT, the 8276 is 


surrounded 
by a handful of TTL devices. A 2K x 8 static 


RAM was used as the display memory. 


Following 
the system 
reset, 
the 8276 
is initialized 
for 
curser 
type, 
number 
of characters 
per line, 
number 
of 
lines, and character 
size. The display RAM is initialized 


to all "spaces" 
(ASCII 20H). The 8051 then writes ihe 
"start display" 
command to the 8276. The local/line input 
is sampled to determine 
the terminal mode. If the terminal 
is on-line, the BAUD rate switches are read and the serial 
port is set up for full duplex UART mode. The processor 
then is put into a loop waiting to service the serial port 
lifo or the 8276. 


The serial port is programmed 
to have the highest priority 


interrupt. 
If the serial port generates an interrupt, the pro- 
cessor reads the buffer, 
puts the character 
in a generated 
lifo that resides in the 805\'s 
internal RAM, increments 


the lifo pointer, 
sets the serial interrupt 
flag and returns. 


SERIAL 


COMMUNICATIONS 


CHANNEL 


The main program determines 
if it is a displayable 
char- 


acter, a Control word or an ESC sequence and either puts 
the character 
in the display buffer or executes the appro- 


priate command 
sent from the host computer. 


If the 8276 needs servicing, 
the 8051 fills the row buffer 


for the CRT display's 
next line. If the 8276 generates 
a 


vertical retrace interrupt, 
the buffer pointers are reloaded 


with the display memory location that corresponds 
to the 


first character 
of the first display 
line on the CRT. The 


vertical retrace also signals the processor to read the key- 
board for a key closure. 


The following 
section describes the unique characteristics 
of this design. 


The display RAM, 8276 registers, 
and the 8276 row buff- 


ers are memory 
mapped 
into the external data RAM ad- 


dress area. The addresses 
are as follows: 


Read and Write External 
Display RAM - 
Address 
IOOOHto 17CFH 


Write to 8276 row buffers 
from Display RAM - 
Address 
1800H to IFCFH 


Write to 8276 Command 
Register 
(CREG) - 
Address OOOIH 


Write to 8276 Parameter 
Register 
(PREG) - 
Address OOOOH 


Read from 8276 Status 
Register 
(SREG) - 
Address OOO!H 


Three general cases can be explored; reading and writing 
the display RAM, 
writing to the 8276 row buffers, 
and 


reading and writing the 8276's 
control registers. 


As mentioned previously the 8051 fills the 8276 row buffer 
without 
the need of a DMA controller. 
This is accom- 


plished by using a Quad 2-input multiplexor 
(Figure 6.1.0) 


as the transfer 
logic shown 
in the block diagram. 
The 


address 
line, 
P2.3, 
is used to select either 
of the two 


inputs. When the address line is low the RD and WR lines 
perform their normal functions, 
that is read and write the 


8051 P2.3 


8051 WR 
1A 
SEL 
V1 
8276 WR 


8051 RD 
18 


+5V 
2A 
V2 
82768S 


28 


3A 
V3 
8276 RD 


38 


,:6CS 


P2.4~DISPLAV 
RAM CS 


Figure 6.1.0 
Simplified 
Version 
Of The Transfer 
Logic 


8276 or the external display RAM depending on the states 
of their re~ctive 
chip selects. If the address line is high, 


the 8051 RD line is transformed 
into BS and WR signals 
for the 8276. 
While 
holding 
the address 
line high, 
the 
8051 executes 
an external 
data move (MOVX) 
from the 
display RAM to the accumulator 
which causes the display 
RAM to output the addressed byte onto the data bus. Since 
the multiplexor 
turns the same 8051 RD pulses into BS 
and WR pulses to the 8276, the data bus is thus read into 
the 8276 
as a Buffer 
transfer. 
This scheme 
allows 
80 


characters 
to be transferred 
from the display 
RAM into 
the 8276 within 
the required 
character 
line time of 635 
microseconds. 
The 8051 easily meets this requirement 
by 
accomplishing 
the task within 350 microseconds. 


Throughout 
this project, 
provision 
have been made 
to 
make the overall system flexible. The software has been 
written for various keyboards 
and the user simply needs 
to link different 
program 
modules 
together 
to suit their 


needs. 


Incorporating 
an undecoded 
keyboard 
controller 
into the 
other functions of the 8051 shows the flexibility and over 
all CPU power that is available. 
The keyboard in this case 


is a full function, 
non-buffered 
8 x 8 matrix of switches 


for a total of 64 possible keys. The 8 send lines are con- 
nected 
to a 3-to-8 
open-collector 
decoder 
as shown 
in 


Figure 6.1. I. Three high order address lines from the 8051 
are the decoder 
inputs. 
The enabling 
of the decoder 
is 


accomplished 
through 
the use of the PSEN signal from 
the 8051 which 
makes 
the architecture 
of the separate 
address 
space for the program 
memory 
and the external 
data RAM work for us to eliminate 
the need to decode 
addresses externally. 
The move code (MOVC) instruction 
allows each scan Iine of the keyboard to be read with one 
instruction. 


The keyboard 
is read by bringing 
one of the eight scan 


lines low sequentially 
while reading the return lines which 
are pulled 
high by an external 
resistor. 
If a switch 
is 
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8051 
DATA 
BUS 


closed, 
the data bus line is connected 
through the switch 


to the low output of the decoder and one of the data bus 
lines will be read as a O. By knowing 
which scan line 
detected 
a key closure and which data bus line was low, 
the ASCII code for that key can easily be looked up in a 
matrix 
of constants. 
PUM-51 
has the ability to handle 


arrays and structured 
arrays, 
which makes the decoding 


of the keyboard 
a trivial task. 


Since the Shift, Cap Lock, and Control keys may change 
the ASCII code for a particular key closure, 
it is essential 


to know the status of these pins while decoding the key- 
board. The Shift, Cap Lock, and Control keys are there- 
fore not scanned but are connected 
to the 8051 port pins 


where they can be tested for closure directly. 


The 8 receive lines are connected 
to the data bus through 


germanium 
diodes 
which chosen 
for their low forward 


voltage drop. The diodes keep the keyboard 
from inter- 


fering with the data bus during the times the keyboard 
is 


not being read. The circuit consisting of the 3-to-8 decoder 
and the diodes 
also offers some protection 
to the 8051 


from possible Electrostatic 
Discharge 
(ESD) damage that 


could be transmitted 
through the keyboard. 


A decoded keyboard can easily be connected to the system 
as shown in Figure 6.1.2. 
Reading 
the keyboard 
can be 


evoked either by intemlpts 
or by software polling. 


The software to periodically 
read a decoded keyboard was 


not written 
for this application 
note but can be accom- 


plished 
with 
one 
or two 
PUM-51 
statements 
in the 


READER 
routine. 


A much more interesting 
approach 
would be to have the 


servicing 
of the keyboard 
be intemlpt 
driven. 
An addi- 


tional external 
intemlpt 
is created by configuring 
timer/ 
counter 
0 into an event 
counter. 
The event 
counter 
is 


initialized 
with the maximum 
count. The keyboard 
con- 
troller would inform the 8051 that a valid key has been 
depressed 
by pulling 
the input pin TO low. This would 
overflow the event counter, thus causing an intemlpt. 
The 
intemlpt 
routine 
would 
simply 
use a MOVC 
(PSEN 
is 


connected 
to the output enable pin of the keyboard 
con- 
troller) to read the contents of the keyboard controller onto 
the data bus, reinitialize the counter to the maximum count 
and return from the intemlpt. 


The 
use of detachable 
keyboards 
has become 
popular 
among the manufacturers 
of keyboards 
and personal com- 
puters. 
This terminal 
has provisions 
to use such a key- 
board. 


The keyboard 
controller 
would 
scan the keyboard, 
de- 
bounce 
the key and send back the ASCII code for that 
key closure. 
The message 
would be in an asynchronous 


serial format. 


The flowchart for a software serial port is shown in Figure 
6. J. 3. An additional 
external 
intemlpt 
is created as dis- 
cussed for the decoded 
keyboard 
but the use in this case 
would be to detect a start bit. Once the beginning 
of the 


start bit has been detected, 
the timer/counter 
0 is config- 


ured to become a timer. The timer is initialized 
to cause 


an intemlpt 
one-half 
bit time after the beginning 
of the 
start bit. This is to validate the start bit. Once the start bit 
is validated, 
the timer is initialized 
with a value to cause 
an intemlpt 
one bit time later to read the first data bit. 


This process of intemlpting 
to read a data bit is repeated 
until all eight data bits have been received. 
After all 8 
data bits are read, 
the software 
serial port is read once 
more to detect if a stop bit is present. 
If the stop bit is 


not present, 
an error flag is set, all pointers and flags are 
reset to their initial values, 
and the timer/counter 
is re- 


configured 
to an event counter to detect the next start bit. 


If the stop bit is present, 
a valid flag is set and the flags 


and counter are reset as previously 
discussed. 


KEYBOARD 
8051 
CONTROLLER 
SCAN 
BUS 
PORTO 


DATA 


READY 
TO 


RECEIVE 
CS 
PSEN 


500 Hz of 15,750 Hz, we must choose either one or two 
character 
line times for horizontal 
retrace. 
To allow for a 


little more margin 
at the top and bottom 
of the screen, 


two character 
line times was chosen for the vertical re- 


trace. This choice yields 250 + 20 = 270 total character 
lines 
per frame. 
Assuming 
60 Hz vertical 
retrace 
fre- 


quency: 


60 Hz * 270 = 16,200 Hz horizontal 
frequency 


and 


1116,200 Hz * 20 horizontal 
sync times 
= 1.2345 mil- 


liseconds 


The 
requirements 
for the BALL BROTHERS. 
TV-12 


monitor's 
operation 
is shown 
in table 6.1.0. 
From the 


monitor's 
parameters, 
the 8276 specifications 
and the sys- 


tem target specifications 
the system timing is easily cal- 


culated. 


The 8276 allows the vertical retrace to be only an integer 
multiple of the horizontal character lines. Twenty-five dis- 
play lines and a character 
frame of 7 x 
10 are required 


from the target specification 
which will require 250 hor- 


izontal lines. If the horizontal 
frequency 
is to be within 


PARAMETER 
RANGE 


Vertical Blanking Time 
800 lLSec nominal 
(VRTC) 


Vertical Drive Pulsewidth 
300 JLsec "" PW "" 1.4 ms 


Horizontal 
Blanking Time 
II JLsec nominal 


(HRTC) 


Horizontal 
Drive Pulsewidth 
25 JLsec "" PW "" 30 lLSec 


Horizontal 
Repetition 
Rate 
15,750 
±500 
pps 


The 1.2345 milliseconds 
of retrace time meets the nominal 


VRTC and vertical drive pulse width time of .3mSec to 
1.4mSec 
for the Ball monitor. 


The next parameter 
to find is the horizontal 
retrace time 


which is wholly dependent 
on the monitor used. Usually 


it lies between 
15 and 30 percent of the total horizontal 
line time. 


Since most designs display a fixed number of characters 
per line it is useful to express the horizontal 
retrace time 


as a given number of character 
times. In this design, 
80 


characters 
are displayed, 
and it was experimentally 
found 
that 20 character 
times for the horizontal retrace gave the 


best results. It should be noted if too much time was given 
for retrace, 
there would be less time to display the char- 
acters and the display would not fill out the screen. Con- 
versely, 
if not enough time is given for retrace, the char- 


acters would seem to run off the screen. 


One hundred character times per complete horizontal line 
means that each character 
needs: 


If we multiply 
the 20 character 
times needed to retrace 


by 617.3 nanoseconds 
needed for each character, 
we find 
12.345 microseconds 
are allocated for retrace. This value 


falls short of the 25 to 30 microseconds 
required 
by the 
horizontal 
drive of the Ball monitor. 
To correct for this, 


a 74LS 123 one-shot 
was used to extend the horizontal 


drive pulse width. 


The dot clock frequency 
is easy to calculate now that we 


know the horizontal 
frequency. 
Since each character 
is 


formed by seven dots in the horizontal axis, the dot clock 
period would be the character clock (617.3 nanoseconds) 
divided by the 7 which is equal to 11.34 MHz. The basic 
dot timing and CRT timing are shown in the Appendix. 


6.2 
Software 
Description 


6.2.1 
Software 
Overview 


The software 
for this application 
was written in a "fore- 
ground-background" 
format. 
The background 
programs 
are all interrupt 
driven and are written 
in assembly 
lan- 
guage due to time constraints. 
The foreground 
programs 
are for the most part written in PUM-51 
to ease the pro- 
gramming 
effort. A number of subroutines 
are written in 
assembly 
language 
due to time constraints 
during 
exe- 
cution. Subroutines 
such as clearing display lines, clearing 
the screen, and scanning the keyboard require a great deal 
of 16 bit adds and compares 
and would execute 
much 
slower and would require more code space if written in 
PUM-51. 
The background 
and foreground 
programs talk 
to each other through 
a set of flags. 
For example, 
the 
PUM-51 
foreground 
program 
tests "SERIAUINT" 
to 
determine 
if a serial port interrupt 
had occurred 
and a 
character 
is waiting to be processed. 


Two interrupt driven routines, 
VERT and BUFFER, 
(see 
Fig. 6.2.0) 
request service every 16.67 milliseconds 
and 
617 microseconds 
respectively. 
VERT's 
request 
comes 


during the last character 
row of the display screen. This 
routine resets the buffer pointers to the first CRT display 
line in the display memory. 
VERT is also used as a time 


base for the foreground 
program. 
VERT 
sets the flag, 


SCAN, 
to tell the foreground 
program (PUM-51) 
that it 
is time to scan the Keyboard. 
VERT also increments 
a 
counter used for the delay between transmitting 
characters 
in the AUTO$REPEAT 
routine. 


The BUFFER routine is executed once per character row. 
BUFFER uses the multiplexor 
discussed 
earlier to fill the 
8276's 
row buffer by executing 
80 external 
data moves 
and incrementing 
the Data Pointer between 
each move. 


Figure 6.2.0 
Flowcharts 
For 
VERT and BUFFER 
Routine 


The MOVX reads the display RAM and writes the char- 
acter into the row buffer during the same instruction. 


SERBUF 
is an interrupt 
driven 
routine 
that is executed 
each time a character 
is received 
or transmitted 
through 
the on-chip 
serial 
port. 
The routine 
first checks 
if the 
interrupt was caused by the transmit side of the serial port, 
signaling 
that the transmitter 
is ready to accept another 
character. 
If the transmitter 
caused the interrupt, 
the flag 


"TRANSMIT$INT" 
is set which is checked by the fore- 
ground 
program 
before putting a character 
in the buffer 
for transmission. 


If the receiver 
caused 
the interrupt, 
the input buffer on 
the serial port is read and fed into the fifo that has been 
manufactured 
in the internal RAM and increments the fifo 
pointer 
"FIFO." 
The flag "SERIAUINT" 
is then set, 


telling the foreground 
program that there is a character in 
the fifo to be processed. 
If the read character 
is an ESC 
character, 
the flag "ESCSEQ" 
is set to tell the foreground 
program that an escape sequence is in the process of being 
received. 


The foreground 
program 
is documented 
in the Appendix. 
The foreground 
program starts off by initializing the 8276 


as discussed 
earlier. 
After all variables 
and flags are ini- 
tialized, the processor 
is put into a loop waiting for either 
VERT to set SCAN so the program can scan the keyboard. 
or for the serial port to set SERIAL$INT 
so the program 
can process the incoming 
character. 


The vertical 
retrace 
is used to time the delay between 
keyboard 
scans. When VERT gets set, the assembly 
lan- 
guage 
routine 
READER 
is called. 
READER 
scans the 
keyboard, 
writing each scan into RAM to be processed 
later. 
READER 
controls 
two flags. KEYO and SAME. 


KEYO is set when all 8 scans determine 
that no key is 
pressed. SAME is set when the same key that was pressed 
last time the keyboard 
was read is still pressed. 


After READER 
returns execution 
to the main program, 


the flags are tested. 
If the KEYO 
flag is set the main 
program 
goes back to the loop waiting 
for the vertical 
retrace or a serial port interrupt 
to occur. 
If the SAME 
flag is set the main program 
knows that the closed key 
has been debounced 
and decoded 
so it sends the already 
known ASCII code to the AUTO$REPEA t routine which 
determines 
if that character 
should be transmitted 
or not. 


If KEYO and SAME are not set, signifying 
that a key is 
pressed but it is not the same key as before, the foreground 
program determines 
if the results from the scan are valid. 


First all eight scans are checked 
to see if only one key 
was closed. 
If only one key is closed, 
the ASCII code is 
determined, 
modified if necessary by the Shift, Cap Lock, 
or Control 
keys. The NEW$KEY 
and VALID flags are 
then set. The next time READER 
is called, 
if the same 
key is still pressed, 
the SAME flag will be set, causing 
the AUTO$REPEAT 
subroutine 
to be called as just dis- 
cussed. 
Since 
the keyboard 
is read during 
the vertical 
retrace, 
16.67 milliseconds 
has elapsed 
between 
the de- 
tection of the pressed key and reverifying 
that the key is 
still pressed 
before 
transmitting 
it, thus effectively 
de- 
bouncing 
the key. 


The AUTO$REPEA T routine 
is wrillen 
to transmit 
any 
key that the NEW$KEY 
flag is set for. The counter that 
is incremented 
each time the vertical refresh interrupt 
is 
serviced 
causes a programmable 
delay between 
the first 
transmission 
and 
subsequent 
auto 
repeat 
transmission. 
Once 
the NEW$KEY 
character 
is sent, 
the counter 
is 
initialized. 
E(lch time 
the 
AUTO$REPEAT 
routine 
is 
called, 
the counter 
is checked. 
Only when the counter 
overflows will the next character be transmitted. 
After the 
initial delay, 
a character 
will be transmitted 
every other 
time the routine 
is called 
as long as the key remains 


pressed. 


One of the criteria for this application 
note was to make 
the software 
less time dependent. 
By creating 
a fifo to 
store incoming 
characters 
until the 8051 has time to pro- 


cess them, 
software 
timing 
becomes 
less critical. 
This 
application 
note 
uses 
up 
to 
8 
levels 
of 
the 
fifo 
at 


9.2KBAUD, 
and I level at 4.8KBAUD 
and lower. 
As 
discussed earlier, the interrupt service routine for the serial 
port uses the fifo to store incoming 
data, increments 
the 


fifo pointer, 
"FIFO", 
and sets SERIAL$INT 
to tell the 
main program that the fifo needs servicing. 
Once the main 
program 
detects 
that 
SERIAL$INT 
is set the 
routine 
DECIPHER 
is executed. 


DECIPHER 
has three separate blocks; a block for decod- 
ing displayable 
characters, 
a block for processing 
Escape 


sequences, 
and a block for processing Control codes. Each 


block works on the fifo independently. 
Before exiting a 


block, the contents of the fifo are shifted up by the amount 
of characters 
that were processed 
in that particular block. 


The shifting of the characters 
insures that the beginning 


of the fifo contains 
the next character 
to be processed. 
FIFO is then decremented 
by the number 
of characters 
processed. 


Let's 
look at this process 
more closely. 
Figure 6.2.I-A 


shows a representation 
of a 'fito containing 
5 characters. 
The first three characters 
in the fifo contain 
displayable 


characters, 
A, B, and C respectively 
with the last two 


characters 
being an ESC sequence 
for moving the curser 


up one line (ESC A) and FIFO points to the next available 
location to be filled by the serial port interrupt routine, in 
this case,S. 


TOP--.. 
41H (A) 
41H (A) 


42H (B) 
42H (B) 


43H (C) 
43H (e) 


lBH 
(ESC) 
TOP--.. 
lBH 
(ESe) 


41H (A) 
41H(A) 
AFO-.. 
FIFO-.. 


(A) 
(8) 


TOP--.. 
lBH 
(ESe) 


41H (A) 
FIFO-.. 


When DECIPHER 
is executed, 
the first block begins look- 
ing at the first character of the fifo for a displayable 
char- 
acter. If the character 
is displayable, 
it is placed into the 
display RAM and the software pointer' 
'TOP" 
that points 
to the character 
that is being processed 
is incremented 
to 
the next character. 
The character 
is then looked at to see 
if it too is displayable 
and if it is, it's placed in the display 
RAM. The process of checking for displayable 
characters 
is continued 
until either the fifo is empty or a non-dis- 
playable character is detected. 
In our example, 
three char- 
acters 
are placed 
into the display 
RAM 
before 
a non- 
displayable 
character 
is detected. 
At this point the fifo 
looks like figure 6.2.I-B. 


Before entering the next block, the remaining 
contents of 
the fifo between 
TOP, 
that is now pointing 
to IBH and 
(FIFO-I) 
are moved up in the fifo by the amount of char- 
acters processed, 
in this example three. TOP is reset to 0 
and FIFO is decremented 
by 3. The serial port interrupt 
is inhibited 
during the time the contents 
of the fifo and 
the pointers 
are being manipulated. 
The fifo now looks 
like figure 6.2.1-C. 


The execution 
is now passed to the next block that pro- 
cesses 
ESC sequences. 
The first location 
of the fifo is 
examined 
to see if it is an ESC character 
(lBH). 
If not, 


the execution 
is passed to the next block of DECIPHER 
that processes 
Control 
codes. 
In this case the fifo does 


contain an ESC code. The flag ESC$SEQ 
is checked 
to 


see if the 8051 is in the process 
of receiving 
an ESC 
sequence thus signifying that the next byte of the sequence 
has not been received yet. If the ESC$SEQ 
is not set, the 
next character 
in the fifo is checked 
for a valid escape 
code and the proper 
subroutine 
is then called. 
The fifo 
contents 
are then shifted 
as discussed 
for the previous 
block. Due to the length of time that is needed to execute 
an ESC code sequence or a Control code, only one ESC 
code 
and/or 
Control 
code 
can be processed 
each time 
DECIPHER 
is executed. 


If at the end of the DECIPHER 
routine, 
FIFO contains a 
0, the flag SER$INT 
is reset. 
If SER$INT 
remains 
set, 


DECIPHER 
will be executed 
immediately 
after returning 
to the main program if SCAN had not been set during the 
execution 
of the DECIPHER 
routine, 
otherwise 
DECI- 
PHER will be called after the keyboard 
is read. 


The curser always points to the next location 
in display 
memory 
to be filled. Each time a character 
is placed in 
the display memory, 
the curser position needs to be tested 
to determine 
if the curser 
should be incremented 
to the 
beginning of the next line of the display or simply moved 
to the next position on the current display line. The curser 
position 
pointers 
are then updated 
in both the 8276 and 
the internal registers 
in the 8051. 


When 
the 2000th 
character 
is entered 
into the display 
memory, 
a full display 
page has been reached 
signaling 
the need for the display 
to scroll. 
The memory 
pointer 


that points to the display 
memory 
tb~t contains 
the first 


character of the first display line, LINEO, prior to scrolling 
contains 1800H which is the starting address of the display 
memory. Each scrolling operation adds 80 (SOH) to LINEO 
which will now point to the following 
row in memory as 
shown in figure 6.2.2-8. 
LINEO is used during the vertical 


MEMORY 


LOCATION 


184FH 


MEMORY 


LOCATION 


1 FCFH 


MEMORY 
LOCATION 
lFSOM 


UNEO 


MEMORY 


LOCATION 
18AOH 


refresh routine to re-initialize 
the pointers associated 
with 


filling the 8276 row buffers. 


The display 
memory 
locations 
that were the first line of 


the CRT display 
now becomes 
the last line of the CRT 


display. 
Incoming 
characters 
are now entered 
into the 


display 
memory 
starting 
with 1800H, which is now the 


first character 
of the last line of the display screen. 


MEMORY 


LOCATION 


1850H 


UNEO 


MEMORY 


LOCATION 


18FOH 


The use of interrupts to tie the operation of the foreground 
program to the real-time events of the background program 
has made the software timing non-critical 
for this system. 


Following 
the system 
reset, 
the 8051 initializes 
all on- 


chip peripherals 
along with the 8276 and display 
ram. 
After initialization, 
the processor 
waits until the fifo has 
a character 
to process or is flagged that it is time to scan 


the keyboard. 
This foreground program is interrupted once 


every 617 microseconds 
to service the 8276 row buffers. 


The 8051 is also interrupted 
each 
16.67 milliseconds 
to 
re-initialize 
LINEO and to flag the foreground 
program to 


read the keyboard. 


As discussed earlier, a special technique of rapidly moving 
the contents of the display RAM to the 8276 row buffers 
without the need of a DMA device 
was employed. 
The 


characters 
are then synchronously 
transferred 
to the char- 


acter generator 
via CCO-CC6 
and LCO-LC2 which 
are 


used to display one line at a time. Following 
the transfer 


of the first line to the dot timing logic, 
the line count is 


incremented 
and the second line is selected. 
This process 


continues until the last line of the character 
is transferred. 


The dot timing 
logic latches 
the ouput of the character 


ROM in a parallel in, serial out synchronous 
shift register. 


The shift register's 
output constitutes 
the video informa- 
tion to the CRT. 
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Appendix 7.2 
Dot Timing 


CHARACTER hat.- 


117,.. 


COUNTER 


STATE 


DOT 


CLOCK 


74$113 


COUHTER 
OUTPl/TS 
QC 


CHARACTER 
CLOCK 


CHARACTER 


CLOCK 
TO 
1276 


1276 b 
CHARACTER 
OUTPUT 
(cc0.<:c6) 


(74111) 


RRSl 
CHARACTER 
SECOND 
CHARACTER 
TtMRD 
CHARACTER 


~ 


..... 
~J....~____ 
. 


~ 


__w ••__~_,cJ~u uu. 


t 
I 


330 
330 


D.. 


T.. 


e 
us 


8fT 
000 
001 
010 
011 
100 
101 
110 
111 
010 
011 
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101 
110 
111 


@ 
P 


סס oo 
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OLE 
SP 
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P 
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A 
+ 
0001 
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I 
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A 
Q 
A 
Q 
A 


B 
R 
+ 


0010 
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B 
R 
B 
R 
B 


C 
5 
~C 
0011 
ETX 
DC3 
. 
3 
C 
5 
C 
5 
0 
T 
"-0 
0100 
EDT 
DC4 
S 
4 
0 
T 
0 
T 


E 
U 


0101 
ENQ 
NAK 
"" 
5 
E 
U 
E 
U 
CLR 
E 


F 
V 
0110 
ACK 
SYN 
& 
6 
F 
V 
F 
Y 


.$ 
W 


0111 
~ 
ETB 
7 
G 
W 
G 
W 
a 
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1000 •• 
CAN 
( 
6 
H 
X 
H 
X 
HOME 
H 
I 
Y 


1001 
HT 
EM 
) 
9 
I 
Y 
I 
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J 
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1010 
LF 
SUB 
: 
J 
Z 
J 
Z 
EOS 
I 


K ..~! 
1011 
VT 
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; 
K 
[ 
K 
EL 
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L 


1100 
FF 
FS 
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L 


1101 .~nl 
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M 
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N 
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1110 
SO 
RS 
N 
f\ 
N 


0 


1111 
51 
US 
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I 
? 
0 
- 
0 


As previously 
mentioned, 
the character generator used in 


this terminal is a 2716 EPROM. 
A IK by 8 device would 


have been sufficient since a 128 character 5 by 7 dot matrix 
only requires 8K of memory. A custom character set could 
have been stored in the second IK bytes of the 2716. Any 
of the free 110pins on the 8051 could have been used to 
switch between 
the character 
sets. 


The three low-order 
line count outputs (LCO-LC2) 
from 


the 8276 are connected to the three low-order 
address lines 
of the character generator. 
The CCO-CC6 output lines are 
connected 
to the A3-A9 
lines of the character 
generator. 


The output 
of the character 
generator 
is loaded into the 


shift register. 
The serial output of the shift register is the 


video output to the CRT. 


Let's 
assume that the letter "E" 
is to be displayed. 
The 


ASCII 
code for "E" 
(45H) 
is presented 
to the address 


lines A2-A9 
of the character 
generator. 
The scan lines 


(LCO-LC2) 
will now count from 0 to seven to form the 


character 
as shown in Figure 7.5.0. 
The same procedure 


is used to form all 128 possible characters. 
For reference 


Appendix 
7.6 contains 
the HEX dump of the character 
generator 
used in this terminal. 


45H = 01000101 
Address 
to Prom 
= 01000101 
= 228H 
- 
22FH 


Depending 
on state 
of Scan 


lines. 


Rom Address 
228H 
229H 
22AH 
22BH 
22CH 
22DH 
22EH 
22FH 


Rom Hex Output 
Bit Output- 


3E 
0 
1 2 
3 
4 
5 6 
7 


02 
)()OC~ 
02 
OE 
02 
02 
3E 
00 


Bits 0, 6 and 7 are not used. 
-note 
bit output 
is backward 
from convention. 


In this design 
it was assumed 
that the CRT monitor re- 
quired 
a separate 
horizontal 
drive, 
vertical 
drive, 
and 


video input. 
Many 
monitors 
require 
a composite 
video 
signal. The schematic shown in Figure 7.7.0 illustrate how 
to generate a composite video from the output of the 8276. 


The dual one-shots 
are used to provide a small delay and 
the proper horizontal 
and vertical pulse to the composite 


video monitor. 
The delay introduced in the horizontal and 
vertical timing is used to center the display. 
The 7486 is 


used to mix the vertical 
and horizontal 
retrace. 
Q I mix 


the video and retrace 
signals 
along with providing 
the 


proper D.C. 
levels. 
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MEM)Ri MAP ASSOCIATEDWITH reRIPIIERAL DEVICES (USING MJIIX): 


8051 WRAND READDISPLAY RAM- 
l\IlORESS 10000. ro 
17CF11 
8051 WRDISPIAY RAMro 
TIlE 8276- 
l\IlORESS 1800H ro 
1FCElI 
8276 CD+IANDl\IlORES5- 
l\IlORESS OOOlH 
8276 
PARI\METERl\IlORES5- 
l\IlORFSS OOOOH 
8276 
grAWS 
REX>ISl'ER- 
l\IlORESS OOOlH 


I 


INITIALIZE 
POIm'ERS AND FLI\GS} 


INITIALIZE 
TOP OF TIlE CRT DISPLAY "LINEO"=180OH} 


INITIALIZE 
8276 IlJFFER POINl'ER "Rl\STER" =18000.} 


INITIALI ZE DISPLAY$Rl\H$POIN1'ER=OOOoo.} 


/. 
INITIALIZE 
TIlE 8276 
•/ 


msET 
TIlE 8276} 


INITIALIZE 
8276 ro 
80 CJIARllC'IE1l/1Oi } 
INITIALIZE 
8276 ro 
25 IOiS 
PER FRAME} 


INITIALIZE 
8276 ro 
10 LINES PER 1Oi} 


INITIALIZE 
8276 ro 
tD;-BLIN<ING 
UNDERLINEaJRSER} 


INITIALI ZE aJRSEn 
ro 
IDlE 
POSITI<Jl 
(00.00) 
(UPPER LEI.'T HANDCORlER)} 


STARX'DISPLAY} 
F1WlLE 8276 
INl'ERRJPT} 


/. 
SET UP 8051 
INl'ERRJPTS AND PRIORITIES 
•/ 
I 


SERIAL PORI' HAS HIGHEST INl'ERRJPT PRIORI'lY} 
EXTERW. IN!'ERRJPI'S ARE ID;iE 
Sl;mITIVE} 


ENABLEJ;.."<TER.."U. 
INl'ERRJPl'S I 


/*PRX:EIlJRE 
OCANNER: THIS 
PRX:ElIJRE 
OCANS TIlE KE'fOC\MD AND llE:!'ER'IINES IF 
A 


SINGLE VALID KE'f lIAS BErn 
PUSHED. IF TlUE 
THEN TIlE AOCII 
~IVALENI' 


WILL BE TRANSMITl'ED TO TIlE ocm' 
<XlolR1IER. */ 


SCANNER: 


{mABIE 
8051 
GIDBAL Im'ERIUPI' 
BIT} 


IF 
{30 VERrlCAL 
Rm'RACE INI'ERRJPl'S 
HAVE CCCURRED (OJRSER$(DJNI'=lFII)} 
THEN 


00; 
! 
<:X:MPI»ImI' aJRSER$CN} 
CLFAR a.JRSER$(DJNI'} 
IF 
{a.JRSER IS 
TO BE OFF 
(OJRSER$CN=O)} 
THEN {tollVE aJRSER 
OFF TIlE OCREm} 


CALL ILlI\D$aJRSER; 
END; 


IF 
{TIlE L<X:AL$LINE SWI'IOI 
lIAS CIIl\tQD 
9I'ATE} TIlEN 


00; 
IF 
{IN 
L<X:ALKlIE} 
TIlEN {DISABLE SERIAL OORI' Im'ERIUPI'} 


ELSE CALL CIIID<$BAUD$RATE; 
END; 


00 WHILE {INlEIWWI 
VERrICAL 
REFRESHES} 


IF 
{TIlE FIFO 
lIAS A CHARACTERTO PRX:ESS 
(SERIAL$INr=I)} 
TIlEN CALL DEX::IFHER; 


END; 


IF 
!'1l!E PIlEStNr 
PR&SSED KE'f IS 
IQIAL 
TO THE LAS!' KE'f PR&SSED AND VALID=I} 
TIlEN 


CALL AUTO$REPEAT; 
ELSE 
00; 
IF 
{A KE'f IS 
PRESSED lIlT 
oor 
THE SlIME CNE AS THE LA9r KE'fOC\MD OCAN} TIlEN 


00; 
IF 
{CNLY CNE KE'f IS 
PRESSED} TIlEN 


l 


'GeXTHE AOCII 
caE 
FOR IT} 


SET Nm$KE'f 
AND VALID FLAGS} 


ELSE 
R&SEI' VALID AND ~ 
FLAGS} 


END; 
ELSE 
{THE KE'fOC\MD MU9I' oor 
HAVE A KE'f PR&SSED SO RESET VALID$KE{ AND ~ 
FL!\GS} 


END; 


/* 
PRX:EI1IRE A!lTO$REPFAT: THIS 
PRXElURE 
WILL PERFOIM AN A!lTO REWAT FUlCI'ICN 


B'i 
TRANSMI'ITING A CHARACTEREVER{ OI'HER TIME THIS 
1U1I'INE 
IS 
CALLED. 


THE AUTO REPEAT FUlCI'ICN 
IS 
l\CTIVATED AFTER A FIXED IJELAY PERIOO AFTER THE 


FIRm 
CHARACTER IS 
smr* 
/ 


AUTO$REPEAT: 


IF 
{TIlE KE'f PR&SSED IS 
NaoI (Nm$KE'f =I) 
TIlEN 


00;l 
CLFARTHE DIVIDE 
B'i 
'lW) CWNI'ER 
"TRANSMIT$'I1:XXiIE"} 
INITIALI 
ZE THE IJELAY CWNI'ER 
"TRANSMIT$(DJNI'" 
TO ODll!} 


CALL TRANSMIT; 
/* 
FIRm 
CHARl\CTER */ 
{CLEAR~} 
END; 


ELSE 
00; 


IF 
{TRANSMIT$O:lJNl' IS oor 
a.:uAL ro 
O} mm 


00; 


{llCREMEN!' TRANSMIT$O:lJNl'} 
IF TRANSMIT$O:lJNl'=OFFIlTHEN 
00; 


~ 
~sJr$O:lJNl'} 


END; 
END; 
ELSE 
00; 
. 


{'IDRN 'mE QJIlSER ~ 
IlJRIN3 'mE 1I11l\J'REPFAT FUtCl'I~} 


IF TRANSMIT$'l'CO:>IE= 1 mm 


Cl\LL TRANSMIT; 


[<X:MPLlHN1' 
TRANSMIT$IDnE} 


END; 
END; 


I*TJ'I!IR BE'l'WEDlFIR91' CIIARJ'Cl'ERl\ND 'mE 
SEXX.tlD*1 


1*sm:Hl 
CIIARJ'Cl'ER *1 


1* 2 VERI' FRAMESBEniEEN 3m 
TO 1m! CIIARJ'Cl'ER*1 
1* 
3m 
'l'HRXXlHN1'lI CIIARJ'Cl'ER*1 


1* PR:CEIURE TRANSoIIT- CN::E THE IJ:SI' a:MIVIER 
SIGNALS THE 805111 IJi BRINGnIi 


'llIE ~TO-SI'lID 
LINE LCJIiI,'mE lIOCII CHARPCI'ERIS 
PUI' INro 
'mE SERIAL FORT.*1 


TRANSoIIT: 
PR:CEIURE • 
IF 
{'llIE ~ 
IS OO-LINE} mm 


00; 
l 


Wl\ITlJm'IL 
'mE CLFJ!\R$'l'O$SENDLINE IS LCJIiIl\ND lJm'IL 
'mE 
8051 
SERIlIL FORT TX IS oor 
aJSY 


TRANSMIT'llIE lIOCII COlEI 
CIEl\R 'mE FLAG "TRANSMIT$INr". 
'mE SERIAL FORT SERVICE IOJI'INE 
WILL SET 'mE FLAG 


WIlEN'llIE SERIl\L FORT IS FINISHED TRANSoIITTnIi} 


END: 
ELSE {'mE TEIMINl\L IS 
IN 'mE 
LCC1ILM:XE} 


00: 
I 


PUI' THE lIOCII COlE IN 'mE FIFO} 
llCREMEN!' 'mE FIFO FOINTER} 
SET SERIl\L$INr} 


END; 
END TRANSMIT; 


/* 
PICCEllJRE 
DEX:lmER: 
TIilS 
PICCEllJRE 
DEXXlDESTIlE oosr 
a:MR1l'ER'S 
MESSAGES AND DEl'ERoIINES 


WIlEI'HER IT 
IS 
A DISPLAYABLE CHARlCI'ER. 
aNl'R:lL 
~. 
OR AN F.S::APE ~ 


TIlE PICCEllJRE 
THEN l\CTS AO:XJRDINGLY*/ 


VALID$RECEPTION=O; 
DO WHILE {TIlE FIFO 
IS 
oor 
EMPlY AND TIlE CHARlCI'ER IS 
DISPLAYABlE} 


REX:ElVE={ASCII 
COOE} 


CALL DISPLAY; 
{NEXT CHARlCI'ER} 


END; 


IF 
0lARACTERS WERE DISPLAYED} TIlEN 
DlSABl:E 
SERIAL roRT 
INl'ERRJPI'} 


MJVE TIlE REMAINING CCNl'ENl'S OF TIlE FIFO 
UP TO TIlE BEX;INNIN:; OF TIlE FIFO} 


ENABLE SERIAL FORI' INl'ERRJPI'1 
SET TIlE VALID$RECEPTION FLAG 


IF 
{TIlE FIFO 
IS 
EMPlY} TIlEN {CLEAR TIlE "SERIAL$INr 
FLAG AND ~} 


IF 
{TIlE NEXT CllARACIER IS 
AN "m:" 
ca:E 
} TIlEN 


DO: 
{IDCI< Kr TIlE CllARACIER IN TIlE FIFO 
AFl'ER TIlE m: aXlE 
AND CALL TIlE CDRRECl' SUBIU1l'INE} 


&.r.r. 
UP$OJRSER; 


CALL DOWN$CURSER; 
CALL RIGHI'$CURSER; 
CALL LEFT$OJRSER; 
CALL CIEAR$SCRWl; 
CALL KlV$OJRSER; 


/* EOC A */ 
/* EOC B */ 
/* EOC C */ 
/* EOC D */ 
/* EOC E */ 
/* EOC F */ 


/* EOC H */ 
. 
CALL ERASE$FlOI$OJRSER$TO$END$$SCRWl; 
/* EOC J */ 


CALL BLINE; 
/* m: K */ 


I 


DlSABIE 
TIlE SERIAL 
roRT 
INl'ERRJPI'} 


MJVE TIlE REMAINING CCNl'ENl'S OF TIlE FIFO UP TO TIlE BEX;INNIN:; OF TIlE FIFO} 
ENABLE TIlE SERIAL 
FORI' INl'ERRJPI'} 


SET TIlE "VALID$RECEPTION" 
FLAG} 


IF 
{TIlE FIFO 
IS 
EMPlY} TIlEN {CLFAR TIlE SERIAL$INr 
FLAG AND ~} 


END; 


IF 
(nIE 
NEXT alARACTER IS A cnrnvL 
core} TIlEN 


00; 
. 


(CALL nIE 
RIGIfi' SUB!UlTlNE} 


CALL LEFl'$CURSER; 
f* en. H *f 


f* en. J *f 


f* en. L *f 
f* en. M *f 


I 


DlSABLEnIE 
SERIAL PORI' INl'ERRJPl'} 


MJVE nIE 
REMAININGo:NI'ENl'S OF nIE 
Flro 
UP TO nIE 
BEX;INNII«; OF nIE 
n~"'O} 


E1lABLEnIE 
SERIAL PORI' INl'ERRJPl'} 


SET TIlE "VALID$RB::EP1'I~" 
FLAG} 


aID; 


IF 
(lIJ 
VALID COlE WASRB::EIVID ("VALID$RB::EP1'I~" 
IS 
O)} TIlEN 


('llIRJW nIE 
alARACTER oor 
ANDMJVE TIlE REMAININGo:NI'ENl'S OF TIlE Flro} 


(up TO nIE 
IlEXiIltiING} 


IF 
(nIE 
Flro 
IS fMPlY} TIlEN (CIEAR'Im 
SERIALSIN!' FLAG AND RE'1UR'l} 


DISPlAY: 


(PIJI' IN1'O nIE 
DISPLAY RAMI.a:1t1'I~ 
POINl'ED TO IJi 
"DISPlAY$RAM$POINrER 


nIE 
o:NI'ENl'S OF RB::EIVE} 


IF 
(nIE 
END OF nIE 
DISPlAY MlM)R{ HAS ~ 
REACHED}TIlEN 


(RESE.T "DISPLAY$RAM$POINTER"TO TIlE BEX;INNII«;OF nIE 
RAM} 


ELSE 
(IOCRfMENl' "DISPLAY$RAM$POINrER"} 


IF 
{nIE <lJRSER IS 
IN nIE 
Ll\SI' COIDlN OF nIE 
CRT DISPlAY} TIlEN 


00; 
(MJVE nIE 
CURSERJW]{ TO nIE 
BEX;INNIK; OF nIE 
LINE} 


IF 
{'!lIE NEWDISPLAY RAMu:x:M'I~ 
HAS A aID-OF-LINE 
CIl1IlW:'l'ER IN IT} TIlEN 


CALL Flu'; 


IF 
{'11iE<lJRSER IS ~ 
TIlE Ll\SI' LINE OF nIE 
CRT DISPlAY} TIlEN 


CALL SCIOU,; 
ELSE 
(MJIIE nIE 
CURSERTO nIE 
NEXT LINE} 


aID; 
ELSE 
(m::RfMENl' nIE 
OJRSER TO nIE 
NEXT u:x:M'I~} 


{~ 
nIE 
<lJRSER ~ 
} 
CALL u::w:x::tffiSER; 
END DISPLAY; 


LINE$reED: 


IF 
{'mE aJRSER 
IS 
IN 'mE 
LAST LINE OF 'mE 
CRT DISPLAY} THEN 


CALL SCK>IL; 
ELSE 
DO; 
! 
MJVE'mE 
OJRSER ro 
'mE 
NEKT LINE} 


~ 
'mE 
OJRSER CN} 


CALL LO!\D$OJRSER; 
END; 


IF 
1'mE 
DISPLAY$RAM$POINTER IS 
CN 'mE 
LAST LINE 
IN 'mE 
DISPLAY Rl\M} THEN 


MJVE 'mE 
DISPLAY$RAM$POINTER ro 
'mE 
FIIl9l' 
LINE 
IN 'mE 
DISPLAY Rl\M} 


ELSE 
{MJVE THE DISPIAY$RAM$POINTER TO THE NEKT LINE 
IN THE DISPLAY Rl\M} 


IF 
{TIlE FIRSI' 
CIIARl!CTER IN TIlE ~ 
LINE aJNrAINS 
AN ENJ>-<lF-LINE CIIARl!CTER } THEN 


CALL FIIL; 


<;ALL BLAN<; 
\ DISABLE VERl'ICAL REI'R/lCE INl'ERRJPl'} 


IF 
{TIlE FIRSI' 
LINE OF TIlE CRT <X:NrAINS THE LAST LINE OF TIlE DISPLAY MEK>Ri} THEN 


MJVE TIlE POINTER "LINEO" 
TO TIlE BEX;INNIN:; OF TIlE DISPLAY MEK>Ri} 


ELSE 
{MJVE "LINEO" 
TO TIlE NEKT LINE 
IN TIlE DISPLAY MEK>Ri} 


{ml\IlIE 
VERl'ICAL 
REI'R/lCE INl'ERRJP1'} 


1I>lE: 
I 
MJIIETIlE OJ~ 
POSITICN 'ro TIlE UPPER LEFT !WID COmER OF TIlE CRr} 


rom 
TIlE 0lRSER 
CN} 


CALL IDl\D$OJRSER; 
{MJIIE TIlE DlSFLAY$AAM$POINrER'ro TIlE OORREC!'ux:ATICN 
IN TIlE DISFLAY Rl\M} 


IF 
{TIlE OJRSER IS oor 
CN TIlE L1\SI' LINE OF TIlE CRl' DISFLAY} 'mEN 


Sl'ARl'ING wrm 
TIlE t~ 
LINE,PIJI' 
AN ElID-OF-LINE 0ll\RlICl'ER 
(OFlH) 


IN TIlE DISPIAY Rl\M ux:ATICNS 
THAT CORRESKND 'ro TIlE BEX;1NNDIi OF 


TIlE CRl' DlSPIAY LINES UNl'IL TIlE 00l'l'CM OF TIlE CRr 0CRErn HAS BE:rn REACIIED} 


END; 


/*PRX:EllJRE 
foDV$QJRSER: THIS 
PRX:EaJRE 
IS USED IN <XNJUtCI'ICN WITH l'DRDSl'lIR 
IF A ES:: F IS 
REJ:EIVED FlOoI TIlE IIOSl' cn-nureR, 
TIlE TElMINAL CCNTRJLLERWILL 


READTIlE NEXT TI'D BiTE TO DEl'EIMINE WHERETO MJVE TIlE OJ~. 
TIlE FIRSI' 
BiTE 


IS TIlE R)W INFOIMA.TICNFU~ 
Bi TIlE OO~ 
INFOIMA.TICN*/ 


MJV$OJRSER: 
l 


WAITUNl'IL TIlE FIFU HAS REJ:EIVED TIlE NEXT TI'D 0ll\RlICl'ERS} 
MJIIE TIlE OJRSER TO TIlE ux:ATICN 
SPH:IFIED 
IN TIlE EOCAPE ~} 


MJIIE TIlE DlSPIAY$Rl\M$POINl'ER TO TIlE a:>RRECl' ux:ATICN} 


IF TIlE FIRSI' 
CHARACTERIN TIlE NEWLINE HAS AN E1ID-<lF-LINE CHARACTER}'mEN 


CALL FILL; 
END; 
I 


DISABLETIlE SERIAL PORr INl'ERRJPI'} 


MJIIE TIlE REMAINCCNl'ENl'S OF TIlE FIFU UP TI'D ux:ATICNS 
IN MfM)R{} 


DEX::REMENI' 
TIlE FIFU IIi TI'D} 


ENABLETIlE SERIAL PORr INl'ERRJPI'} 


am foDV$QJRSER; 


/* 
PHJClinJRE LEFT 0lRSER: 
THIS PHX:FnJRE MJVES TIlE OJ~ 
LEFT CNE OO~ 


IIi SUBTRl\Cl'ING 1 OF TIlE OJRSER ~ 
Rl\M ux:ATICN 
'mEN CALL lOI\D 0lRSER 
*/ 


LEFT$OlRSER: 


IF 
{TIlE 0lRSER 
IS 
oor 
IN TIlE FIRSI' 
ux:ATICN 
OF A LINE} 'mEN 


00;I 
MJIIETIlE OJRSER LEFT IIi CNE ux:ATICN} 
'!URN TIlE OJRSER CN} 


CALL lOI\D$OJRSER; 
{DEX::REMENI' 
TIlE DlSFLAY$AAM$POINrER IIi CNE} 


END; 


RIGIfl'$OJRSER: 


IF 
{nIE 
OJRSER IS WI' 
IN nIE 
usr 
ro5ITICN 
OF nIE 
CRT LINE} nIEN 


00; 
{M:JVETIlE OJRSER RIGIfl' m- CNE r.o:ATICN} 
{nm 
nIE 
OJRSER CN} 


CALL Wl\D$aJRSER; 
{IOCREMENr nIE 
DISPLl\Y$RAM$POINl'ER m- CNE} 


END; 


UP$CURSER: 


IF 
{nIE 
OJRSER IS WI' 
CN TIlE FIRSI' 
LINE OF TIlE CRT DISFLAY} nIEN 


00; 
{M:JVETIlE OJRSER UP CNE LINE} 
{nm 
CN '1lIE OJRSER} 
CALL ILW>$OJRSER; 


IF 
{'1lIE DISPIAY$RAM$POINl'ER IS 
IN '1lIE FIRSI' 
LINE OF DISPIAY MlM)R{} nIEN 


{M:JVE'1lIE DISPrAY$RAM$POINrER TO '1lIE usr 
LINE OF DISFLAY MlM)R{} 


ELSE 
{M:JVE'1lIE DISPIAY$RAM$POINrER UP CNE LINE IN DISFLAY MlM)R{} 


IF 
{'1lIE FIRSI' 
r.o:ATIrn 
OF '1lIE NEWLINE <rNI'AINS AN ENI>-{)F-LINE 0lARl\CTER} nIEN 


CALL FILL; 


lO<iN$OJRSER: 


IF 
{nIE 
OJRSER IS WI' 
CN '1lIE usr 
LINE OF TIlE CRT DISPrAY} nIEN 


00; 
{nm 
TIlE OJRSER rn} 
{M:JVETIlE aJRSER TO TIlE NEKT LINE} 
CALL Wl\D$aJRSER; 


IF 
{TIlE DISPrAY$RAM$POINl'ER IS WI' 
rn 
TIlE usr 
LINE OF TIlE DISPrAY MlM)R{} 


{M:JVETIlE DISPrAY$RAM$POINrER TO TIlE NEKT LINE IN TIlE DISFLAY MlM)R{} 


ELSE 
{M:JVETIlE DISPLAY$RAM$POINrERTO TIlE FIRSI' 
LINE IN TIlE DISFLAY MlM)R{} 


IF 
{TIlE FIRSI' 
0lARl\CTER IN TIlE NEWLINE IS AN ENI>-{)F-LINE 0lARl\CTER} nIEN 


CALL FILL; 


CARRIAGE$~: 
l 


KlllE 'mE 
DISFLAY$AAM$POINl'ER 'ID 'mE 
BmINNIN:; 
OF 'mE 
ClJRRENl' LINE 
IN 'mE 
DISPLAY MIM::lll:i} 
KlIIE 'mE 
OJRSER 'ID 'mE 
BmINNIN:; 
OF 'mE 
ClJRRENl' LINE OF 'mE 
eRl' 
DISPLAY} 


'lUm 
'mE 
OJRSER oo} 
CJ\LL I£l!\D$CURSER: 


/* 
PRXEnJRE 
I.Ol\D aJRSER: 
I.Ol\D aJRSER 
Tl\KES 'mE 
VAUJE HEU> IN RAMAND 


J:JJl',OOIT 
INro 
'mE 
8276 
OJRSER mx;ISTER. 
*/ 


I.Ol\D$OJRSER: 
PRX:ElIJRE: 
IF 
!'mE 
(lJRSER 
IS oo) 
'l1Im 


MJIIE 'mE 
OJRSER BACK OO'ID 'mE 
CR1' DISPLAY} 


I 


DISABIE 
llJFFER 
INl'ERRJPI'} 


WRITE 'ID 'mE 
8276 
ClJRSER mx;ISTERS 
THE X,Y I£CATIOOS} 


F1lABLE llJFFER 
INl'ERRJPI'} 


/* 
PRX::EIlJRE = 
BAUD RATE: THIS 
PRX::EIlJRE READS THE THREE PORI' PINS 00 
PI 
AND SETS UP 


'mE 
SERIAL PORI' FOR THE SPfX:IFIID 
BAUD RATE */ 


=$BAUD$RATE: 


t 


SET TIMER 1 TO /oDDE 
1 AND l\l1l\) 
REI.Ol\D} 


'lUm 
TIMER oo} 
F1lABLE SERIAL PORI' INl'ERRJP1'} 
READ BAUD RATE SWITCHES AND SET UP REI.Ol\D VAUJE} 


: 
'l1Il=040H: 
'l1Il=QI>.OH; 
'l1Il=ODCli; 
'l1Il=OE8H; 
'l1Il=OF4H: 
'llIl=OFAH: 
'l1Il=QfnI; 


/* 
00 
IS oor ALLCMElJ */ 
/* 
150 
BAUD */ 
/* 
300 
BAUD */ 
/* 
600 
BAUD */ 
/* 1200 
BAUD */ 
/* 
2400 
BAUD */ 


/* 
4800 
BAUD */ 


/* 
9600 
BAUD */ 


j* 
PRX:EnJRE 
REl\DER: THIS 
PRX:EnJ1l': 
IS 
WRITl'Dl 
IS 
ASSEMIlU' IMQJJ\GE. 
'mE 


EKTEIIlAL PRX:mlRE 
OCANS 'mE 
8 LINES OF 'mE 
KElCOOl\Rl AND READS 'mE 
RE1UR'l 


LINES. 
'mE 
srATUS 
OF 'mE 
8 REl'lJm 
LINES ARE THEN S'IDRID IN INl'EmAL 


MEM)Rf ARRAYCALLED aJRIlFNl'$KF:{ *j 


IX>UNl'IL 
{ALL 8 KElCOOl\Rl OCAN LINES ARE REl\D} 


{REl\D KElCOOl\Rl OCAN} 
IF 
[00 
KElCWAS PRFSSID} 
THEN 


{IOCREMml' 
0 CXJ.JNI'ER} 
E[SE 
IF 
{'mE 
KElC PRESSED WAS oor 
'mE 
SAME KElC mAT 
WAS PRESSED 'mE 
IA9l' 
TIME 


'mE 
KElCOOl\Rl WAS REl\D} THEN 


{ClEAR 
"SAME" AND WRITE NE}o/OCAN Re>ULT ro 
aJRRENI'$KE:i 
RAMARRAY} 


aID; 


IF 
[ALL 8 OCANS DID/'T 
HAVE A KElC PRESSED (0 CXJ.JNI'ER=8)} THEN 


{SET KElCO, AND CLEAR SAME} 


BLANK: 


IX> 1= 
[BEXiINNIN:i OF THE CRr 
DISPLAY 
(LINEO) I TO [LINEO + 50H} 


[DISPLAY 
RAM FOINl'ED TO IJi 
"I" 
= SPJ'CE 
(ASCII 
20H)} 


NElIT I 
aID; 


BLINE: 


IX> l= 
{aJRRENl' 
aJllSER 
POSITIOO 
00 
CRr 
DISPLAY} ro 
{mp 
OF IGI} 


tDISPIAY 
RAM FOINl'ED ro 
IJi 
"I" = SPACE 
(ASCII 
20H) J 


NElIT I 
aID; 


FILL: 


IX> 1= 
{BFJGlHlIN:i 
OF 'mE 
LINE THAT 'mE 
aJllSER 
IS OO} TO {END OF 'mE 
IGI} 


{DISPLAY RAM FOINl'ED ro 
B'{ "I" = SPACE 
(ASCII 
20H)} 


NElIT I 
aID; 


$OPI'IMIZE (1) 
$OOINIVErroR 
$1OI(UIRiE) 


/**••••*** ••••••••••• 
** •••••• **.**** •••••••••••••••••••••••••• 
**•••••••••••••••• 


•• *••••••••••• 
*** •••••••••••• 
**••• **••••••••••••••• 
***••••••• 
**.*** ••• ***.*.**** 


******. 
•••• **** 


••••••• 
PlM51 
SOFlWARE FOR TIlE 8051 
TERUNAL 
•••••••• 


••••••• 
O)NI'R)ILER 
APPLICATlrn 
N:JIE 
•••••••• 


******* 
.*.*••*• 
•••• *** •••• *•• ******* •• *•• *••• ***** •• **** ••••••••••••• 
** ••••••••••••••••••• 
*•••• 


*••• *••••••• 
****•• **•• **•••••••••• 
***.** •••••• *•••••••••••••••••••••••••••••• 
**. 


MEMJRi MAP ASOCCIATED WITH PERIPHERAL DE.VICES (USING MJIIX): 


8051 
WR AND READ DISPLAY RAM- 
AOORESS 100(Jf 
ro 
17CFlI 
8051 
WR DISPLAY RAMro 
TIlE 8276- 
AOORESS 180011 ro 
lFCFlI 
8276 aHWID 
AOORES5- 
AOORESS OOOlH 
8276 
PARAMErER AOORES5- 
AOORESS 000011 
8276 
srAWS 
REXiISTER- 
AOORESS OOOlH 


tJNDEO)OED KE'{BOr\R)- 
CRl'PlM.OBJ ,CRrASM.OBJ ,KE'{BD.OaJ ,PlM51.LIB 


DI'XXlDEDKE'{BOr\R)-CRl'PlM.OaJ 
,CRrASM.OBJ ,DB:XDE.OaJ 
,PlM51.LIB 
DE:r1\CllEDKE'{BOr\R)-CRI'PIM.OBJ 
,CRrASM.OBJ ,DE:rJ\CII.OBJ ,PlM51. 
LIB 
./ 
$SE:r 
(SW1) 


$RESEI' 
(SW2) 


2 
1 
3 
1 


4 
1 
5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 
1 
11 
1 
12 
1 


DEX:IARE LIe 
LITERALLY 'LCx:AL$LINE$CHl\lliE'; 


DEX:IARE REX; LITERALLY 'REX;IsrER'; 
DEX:IAREaJRRENI'$KE'l 
LITERALLY 'aJR<Ei'; 


DEX:IARE SERIAL$SE:RIIICE LITERALLY •SERBJF' ; 
OEX:IARE DISPLAY$RlIM$POINrER 
LITERALLY 'POINI"; 


OEX:IARE SERIAL$ IN!' LITERALLY ' SERINI" ; 
OEX:IARE TRAN::MIT$IN!' LITERALLY 'TRrrNl' 
, ; 


OEX:IAREaJRSER$OJLl.lMN LITERALLY 'aJRSER'; 
OEX:IARE LAST$KE'l LITERALLY 
'LSn<El{'; 


DEX:IAREaJRSER$CXlJNl' 
LITERALLY 'CCUN!"; 


DEX:IARE s::AN$IN!' 
LITERALLY 's::AN'; 


OEX:IARE 
PO 
B'fTE 


PI 
B'fTE 
P2 
B'fTE 


P3 
B'fTE 
PSW 
B'fTE 


!'IX 
B'fTE 


B 
B'fTE 


SP 
B'fTE 
OPL 
B'fTE 


om 
B'fTE 


FO:N B'fTE 
T<m 
B'fTE 


'lMX) B'fTE 
TLO 
B'fTE 
TLl 
B'fTE 


'llI0 
B'fTE 


'llI1 
B'fTE 


IE 
B'fTE 
IP 
B'fTE 


&:eN B'fTE 
SIUF 
B'fTE 


AT (80H) 
AT (90H) 
AT (OAOH) 
AT (OBOH) 
AT (OOOH) 
AT (OEOH) 
AT (OFOH) 
AT (81H) 
AT (82H) 
AT (83H) 
AT (87H) 
AT (88H) 
AT (89H) 
AT(BAH) 
AT(8BH) 
AT{OCH) 
AT 
(8Lll) 


AT (OABH) 
AT (OBBH) 
AT (98H) 
AT (99H) 


$FJEX:T 
/ ••••••••• 
BIT 
REXiISl'ERS 
•• ** •••• / 


/••••••••• PSW 
BITS ••••••**/ 


DEX:IARE 
Ci 
BIT 


N:; 
BIT 
FO 
BIT 
RSl 
BIT 
RSO 
BIT 


CN 
BIT 
P 
BIT 


1cr(007H) 
1cr(00611) 
1cr(005il) 
1cr(004H) 
1cr{OO3ll) 
1cr(OO2ll) 
1cr{OoOH) 


/ ••••• **•• TCON arTS ********/ 
TFl 
BIT 
1cr(BFlI) 
REXi, 
TR1 
BIT 
1cr(BaI) 
REXi, 
TFO 
BIT 
1cr(BOO) 
REXi, 
TRO 
BIT 
1cr(lICH) 
REXi, 
IEl 
BIT 
1cr(BOO) 
REXi, 
ITl 
BIT 
1cr(BAlI) 
REXi, 
lEO 
BIT 
1cr(B9H) 
REXi, 
ITO 
BIT 
1cr(BBH) 
REXi, 


/***...... 
IE 
arrs ••••••••/ 


. EA 
BIT 
1cr(0AFlI) REXi, 


ES 
BIT 
1cr(0l\CH) REXi, 
Erl 
BIT 
1cr(OABH) REXi, 


EKl 
BIT 
1cr(OMH) REXi, 


ErO 
BIT 
1cr(0A911) REXi, 
EKO 
BIT 
1cr(OASH) REXi, 


/**....... 
IP 
BITS **** ••• */ 


PS 
BIT 
1cr(OllCH) REXi, 
Prl 
BIT 
1cr(OBBH) REXi, 
PXl 
BIT 
1cr{OBAH) REXi, 
PrO 
BIT 
1cr(OB9H) REXi, 
PXO 
BIT 
1cr(OBBH) REXi, 


/***...... 
P3 
BITS .*.***** / 
ID 
BIT 
1cr(OB7II) REXi, 
WR 
BIT 
1cr{OB6II) REXi, 
Tl 
BIT 
1cr(OB5iI) REXi, 
TO 
BIT 
1cr(OB4H) REXi, 
INl'1 BIT 
1cr (OB3H) REXi, 
INl'0 BIT 
1cr(OB2II) REXi, 
TXD 
BIT 
1cr(OBlH) REXi, 
RXD BIT 
1cr{OBOH) REXi, 


/*.*.*** •• SOON arrs •••*.***/ 


9010 
BIT 
1cr (9Fl1) 
REXi, 
90Il 
BIT 
1cr(9a1) 
REXi, 
5M2 
BIT 
1cr(900) 
REXi, 
Rm 
BIT 
1cr(9CH) 
REXi, 
TBB 
BIT 
1cr(9OO) 
REXi, 
RBB 
BIT 
AT(9A11) 
REXi, 
TI 
BIT 
1cr(99H) 
REXi, 
RI 
BIT 
1cr(9BH) 
REXi; 


$&m:T 
$IF SW1 


/***** ••**•••• *** 
DEX::rARE CX>NsrANrS**·*····*****·****··***/ 


tjkl;:' 
,0 OH,OIIi, 
'7' 
, 


1* SCAN 2, 
SHIFT =0; j ,k,l,;,:, 
Rm'!JRl, 
7 *1 


'y',OOH,OOH,' dfgh', 


1* SCAN 5, 
SHIFT :0, 
y, 
SPlICE, d,f,g,h 
*1 


09H,'qwsert',OOH, 


1* SCAN 6, 
SHIFT =0; 
TAB,q,w,s,e,r 
,t *1 


28H,29H,00H"=',?CH,7EH10~,OOH, 


1* SCAN 0, 
SHIFT =1; 
(,1,=, 
, , Bl\Q( SPlICE *1 


'JKL+-*' ,00H,Orn,27H, 


1* SCAN 2, 
SHIFT :1; J,K,L,+,*, 
Rm'!JRl, 
• *1 


DOH, 'AZXc.vBN', 


1* SCAN 4, SHIFT =1; 
A,Z,X"C,V,B,N 
*1 


'y' ,0011,008,' 
DFGI', 


1* SCAN 5, 
SHIFT =1; Y, 
SPlICE, D,F ,G,H *1 


lBH,'t"f$\&',OOHI, 


1* SCAN7, 
SHIFT =l,ES::,I,",f,$,\,& 
*1 


$ENDIF 


INlVI' 
BIT 
NJ: (OB4H) 
REXi, 
$ENDIF 
$IFSWI 
CAP$I£O( 
BIT NJ:(0951l) 
REXi, 
S1UFl'$KE'i 
BIT NJ:(096H} 
REXi, 
CXNl'RJL$KE'i 
BIT 
NJ: (097H) 
REXi, 
$ENDIF 
LCCAL$LINE 
BIT 
P{r (OB5II) 
REXi, 
CIEAR$'ro$SENJ 
BIT 
NJ: (093H) 
REXi, 
DM'A$TEItUNAL$REN:Ii 
BIT 
NJ: (094H) 
REXi; 


DEX:IARE ( 


$IF 
SWI 
Sl\ME, 
VALID$KR{, 
KE'iO, 
LAST$SIUFl'$KE'i , 
LAST$(XNl'R)L$KE:t , 
LAST$CAP$IJXK , 
$ENDIF 


$IF 
SW2 
K:VFLG, 
SiN::, 
B'iFIN, 
KBDINl', 
ERIDR, 
$ENDIF 


~, 
TRAN9oIIT$'lUR.E 
, 
aJRSER$CN, 
SERIAL$ INl' , 
&:AN$INl', 
TRAN~IT$INl' 
, 
FS::~, 
VALID$REX:EPTICN, 
LLC, 
ENSP) 
BIT 
PUBLIC; 


I, 
J, 
K, 
AOCII$KEi , 
TRAN9oIIT$OXJNI' , 


TEMP, 
SHIFT, 
QJRSER$COL, 
QJRSER$COIalN 
, 
aJRSER$R::M 
, 
QJRSER$(XUNl' , 
Flro, 
REX:EIVE) 
Il'{TE PUBLIC; 


$IF 
SW1 
DEcrARE LASl'$KEi (8) 
Il'{TE PUIlLIC; 
$EN)IF 


$IF 
SW2 
DEX:IARE LASl'$KEi (2) 
Il'iTE PUBLIC; 
$EN)IF 


DEcrARE SERIAL (16) 
Il'iTE PUBLIC; 


DISPU\Y$Rl\M$POINl'ER, 
RASTER, 
LINEO, 
L) 
I«>RD 
PUBLIC; 


;* 
PRX:ErURE READER: TIllS 
PRX:ErURE IS WRITl'Ell IS ASSEMBLYU\NQJAGE. TIlE 
EXTEitlAL PRX:ErURE OCANSTIlE 8 LINES OF TIlE KEiOOAKl 1INDREADS THE RE'lURi 
LINES. 
TIlE srA1US OF TIlE 8 REl'URl LINES ARE THrn Sl'ORED IN IN'l'EmlAL 
MEM)R'{ARRAYCALI..m CURRENr$KEi. 
TIlE PRXEElXlRE <XJm'K)LS 2 srA1US 
FLAGS; 


KEl'O 1INDSAME. KEl'O IS 
SEll' IF ALL 8 OCANSREADNO KEI' WAS PRESSED. 
IF ALL 8 OCANSARE TIlE SAMEAS TIlE LASl' READllC OF TIlE KEl'OOMD, nIm 
SAME IS 
SEll'. *; 


;* 
PRX:ErURE FILL: 
TIllS 
EXTEitlAL PRX:ErURE FILLS TIlE OJRSER LINE 
WITH SP/lCES*; 


FIlL: 
PRX:ErURE EXTEitlAL; 
Elm FILL; 


/* 
PKlCELURE OIED< BAUD RATE: TIllS 
PRXElJRE 
READS THE THREE R>RT PINS 00 
PI 
AND SETS UP 
THE SERIAL R>RT FOR THE Sm:IFIED 
BAUD RATE */ 


32 
1 
OIED<$BAUD$RATE: 
PRXElJRE; 
33 
2 
SCXJl=70H; 
/* 
MJ[E 
1 
ENABLE REX:EPrIoo* / 
34 
2 
'IKX>='lKlD 
OR 2OH; 
/* 
TIMER 1 Al1ID REUll\O */ 
35 
2 
TRl~l; 
/* 
TIMER 1 00 
*/ 
36 
2 
ES~l; 
/* 
ENABLE SERIAL INl'ERRJPT* / 
37 
2 
ENSP=l; 
/* 
SERIAL INl'ERRJPT 
Ml\SI( FLAG */ 
38 
3 
00 CASE 
(PI 
AND 0711); 
39 
3 
. 
/* 
00 IS 
ICl' 
ALLaolED */ 


40 
3 
THI-04OH; 
/* 
ISO BAUD */ 
41 
3 
THl-OAOH; 
/* 
300 
BAUD */ 


42 
3 
THl=OO(lf; 
/* 
600 
BAUD */ 


43 
3 
THl-OE8H; 
/* 
1200 
BAUD */ 


44 
3 
THI-OF4H; 
/* 
2400 
BAUD */ 
45 
3 
THI-OFAH; 
/* 
4800 
BAUD */ 
46 
3 
THl=OFDI; 
/* 
9600 
BAUD */ 
47 
3 
END; 
48 
1 
END OIED<$IlAUD$RATE; 


/* 
PKlCELURE I£ll\D CURSER: I£ll\D CURSER TAKES THE VAWE HEW 
IN RI\K AND 


I.<:l!Ia:l IT 
INro 
THE 8276 
CURSER mIiIS'l'ERS. 
*/ 


49 
1 
I£ll\D$aJRSER: 
PKlCELURE; 
SO 
2 
IF aJ~-l 
THEN 
51 
2 
aJRSER$(DL-eu~; 


52 
2 
EXl~O; 
/* 
DISABLE IIJFFER 
INft:RHJPT 
*/ 


53 
2 
CXH4l\ND$AII>RESS=8OH; 
/* 
INITIALIZE 
aJRSER 
CCHWID 
*/ 


54 
2 
PARAME:l'ER$AIDRESS-aJRSER$(X)L; 


55 
2 
PARAME:l'ER$AID~RSER$R:w; 


56 
2 
EXl-l; 
/* 
ENABLE IIJFFER 
IN1'ERRJPl' 
*/ 


57 
1 
END I£ll\D$aJRSER; 


/* 
PKlCELURE CARRIl\GE$REIUm 
*/ 


58 
1 
CARRIJ\GE$REIUm: 
PKlCELURE; 
59 
2 
DISPLAY$Ri\K$R>IN1'ER=DISPlAY$Ri\K$R>Im'ER-aJRSER$<XIaN; 


60 
2 
aJRSER$(X)UMl=O; 


61 
2 
aJRSER$CN=l; 
62 
2 
CALL I£ll\D$aJRSER; 
63 
1 
END CARRIJ\GE$REIUm; 


65 
2 


66 
3 


67 
3 


68 
3 
69 
3 


70 
3 


71 
3 


72 
3 


73 
3 


74 
3 
75 
4 
76 
4 
77 
4 


78 
4 


79 
3 


80 
1 


81 
1 


82 
2 
83 
3 
84 
3 
85 
3 
86 
3 
87 
3 
88 
3 
89 
3 


90 
3 
91 
3 
92 
4 
93 
4 


94 
4 
95 
4 
96 
3 
97 
1 


lXMN$CURSER: 
PR:JCE[XJRE; 
IF 
OJRSER$1OoI < 18H THEN 
00; 
OJRSER$CN=I; 
OJRSER$IOoI=OJRSER$1OoI + 1; 
CALL LOI\D$CURSER; 
IF 
DISPLAY$RAM$FOIlll'ER 
< 7800 
THEN 
DISPLAY$RAM$FOIlll'ER=DISPLAY$RI\M$FOIlll'ER 
+ SOH; 


ELSE 


DISPLAY$RAM$FOIlll'ER= (DISPLAY$RI\M$FOIlll'ER- 7800) ; 


L=DI SPLAY$RAM$FOIlll'ER-aJRSER$O)IalN; 
IF 
DISPLAY$RAM(L)=OFlH 
THEN 


00; 


CALL FILL; 
DISPLAY$RAM(L) =200; 


END; 
END; 
END OCWl$CURSER; 


;* 
I.O:l< FUR END OF*; 
;* 
LINE CIIARAC1'ER*; 
;*IF 
TRUE FILL 
LINE*; 


;*WITH 
SPACES *; 


;* 
PR:JCE[XJREUP OJRSER: 
TlfiS 
PRX:EIlJRE 
MJVES TIlE OJRSER UP em: R:W 


'Bi SUBI'RACTING 
1 ro TIlE OJRSER I0ס I 
RAM r.o:::ATICN 
THEN CALL LOI\D OJRSER *; 


UP$CURSER: 
PR:JCE[XJRE; 
IF 
OJRSER$1O'I 
> 0 THEN 
00; 
OJRSER$1O'I=OJRSER$1O'I 
- 
1; 


OJRSER$CN=I; 
CALL LOI\D$CURSER; 
IF 
DISPLAY$RI\M$FOIlll'ER<5OO THEN 
DISPLAY$RAM$FOIlll'ER=DISPLAY $RI\M$FOINI'ERI-7800; 


ELSE 
DISPLAY$RAM$FOIlll'ER=DISPLAY$RI\M$FOIlll'ER 
- 
SOH; 


L=DISPLAY$RAM$FOIlll'ER-aJRSER$COIalN 
; 


IF 
DISPLAY$RAM(L)=OFlH 
THEN 
00; 


CALL FILL; 
DISPLAY$RAM(L) =20H; 


END; 


END; 
END UP$CURSER; 


;* 
I.O:l< FUR END OF LINE*; 


;* 
CIIARAC1'ER*; 
;* 
IF 
TRUE FILL 
WITH *; 
;* 
SPACES *; 


9B 
1 


99 
2 
100 
3 
101 
3 
102 
3 
103 
3 
104 
3 
105 
3 
106 
1 


lOB 
2 
109 
3 


110 
3 
111 
3 
112 
3 
113 
3 
114 
3 
115 
1 


RI=$CURSER: 
PRX:EaJRE; 
IF QJRSER$COLalN 
< 4FH 'I'HE2< 


00. 
aJRSER$COLalN=<lJRSER$COILMN 
+ 1; 


QJRSER$CN=1. 
CALL illI\D$CURSER. 
DISPLAY$RAM$POIm'ER=DI SPLAY$RAM$POIm'ER +1; 


ElID; 
ElID RI=$CURSER; 


LEFl'$CURSER: 
PRX:EaJRE; 
IF 
QJRlER$COILMN 
>0 '1lIEN 


00; 


QJRSER$COILMN=<lJRlER$COILMN - 
1; 
QJRSER$CN=I. 
CALL illI\D$CURSER; 
DISPLAY$RAM$POIm'ER=OISPLAY$RAM$POINrER 
-1; 


ElID; 
ElID LEFr$CURSER; 


116 
1 


117 
3 
118 
3 
119 
2 
120 
2 
121 
2 
122 
3 
123 
3 


124 
3 
125 
3 
126 
3 


127 
3 
128 
2 


129 
3 
130 
4 


131 
4 
132 
4 
133 
4 
134 
4 


135 
4 
136 
3 
137 
2 
138 
2 
139 
2 
140 
2 
141 
2 


142 
2 
143 
2 


144 
2 
145 
2 
146 
3 
147 
3 
148 
3 
149 
3 
150 
2 
151 
3 
152 
3 
153 
3 
154 
2 
155 
2 
156 
1 


/* 
POCCEroRE fol)V$(lJRSER: THIS POCCEroRE IS USED IN CCNJUlCI'IOO WITH OORDSI'AR 
IF A EOC F IS 
REX:EIVEDFIOl 
'mE oosr 
CCMroI'ER, 'mE TER-IINAL CCNI'lOILER WILL 
READTHE NEXT 'lID 
B'iTE ro 
rerElMINE 
WHEREro 
ItJIIE 'mE aJRSER. 
'mE 
FIRSI' 
B'iTE 
IS 'mE 
R:W INroRolATICN FOUDoIED B'i 'mE OOllJolN INFORolATIOO*/ 


fol)V$(lJRSER: 
POCCEroRE, 
00 WHILE FIFO<4, 
/* 
WAIT UNI'ILL THE fol)V$(lJRSER PARJ\MEI'ERS*/ 


Em, 
/* 
ARE REX:EIVEDIN'ID 'mE FIFO */ 


TIMP=C1JRSERSR:W; 
aJRSER$~(2) 
, 
IF aJRiER$1O'i>'In1P 
THEN 
00, 
L=DISPLAY$RAM$POINTERI-( (aJRSER$~) 
* SOH); 


IF 
L>7CF1l THEN 
/* 
IF an' OF RAMRAN:iE */ 


DISPLAY$RAM$POINTER=L-7DOH, 
/* 
RAP AIOlND ro 
BEX>INNI~ */ 


~ 
r~RAMV 
DISPLAY$RAM$POINTER=L; 
Em; 
ELSE 
00; 
IF aJRSERSR:W<TEMP THEN 
00, 
L= ('I»IP-<!JRSER$R:W) * 5011; 
IF 
DISPLAY$RAM$POINTER<L'IlIEN 
/* 
IF an' OF RAMRAN:iE*/ 


DISPLAY$RAM$POINTER=(7D<II-(L-OISPlAY$RAM$POINTER»;/* 
RAP AIOlND 'ID EN) OF RAM*/ 


ELSE 
DISPLAY$RAM$POmrER=DISPlAY$RAM$POINTER-L; 


Em, 
Em; 
TIMP=C1JPSER$O)llJoIN; 
aJRSER$a>llJoIN=SERIAL (3) , 
IF aJRSER$COilIolN>'In1P 'IlIEN 


DISPLAY$RAM$POINTER=DISPLAY$RAM$POINTERI- 
(<lJRSER$COI1.MKDlP) 
; 


ELSE 
DISPLAY$RAM$POINTER=DISPLAY$RAM$POINTER- 
('I»IP-<!JRSER$UMl) 
; 
aJRSER$CN=I, 
CALL UlAD$(lJRSER; 
L=DISPU\Y$RAM$POINTER-aJRSER$CX)llJoIN; 
IF 
DISPLAY$RAM(L)=OFlH 'IlIEN 
/* 
IlXl< FOR END FO LINE 0fARlICI'ER*/ 


00; 
CALL FILL; 
/* 
IF TRJE FILL WITH SPICES */ 
DISPLAY$RAM(L)=2OH, 
Em; 
ES=O, 
00 
1=2 ro 
FIFO-2; 


SERIAL (I) =SERIAL (1+ 2) ; 


Em; 
FIFO=FIFO-2, 
ES=ENSP; 
Em 
MJIJ$OJRSER, 


157 
1 


158 
2 
159 
2 
160 
3 
161 
3 
162 
4 
163 
4 
164 
4 
165 
4 
166 
3 
167 
4 
168 
4 
169 
4 
170 
4 
171 
3 
172 
1 


174 
2 
175 
2 
176 
2 
177 
2 
178 
2 
179 
1 


ERASE$FKM$QJRSER$TO$END$OF$SCREDl: 
PIO:ElURE; 
CALL BLINE; 
/* 
ERASE ClJRRENI'LINE */ 
IF ClJRSER$IOol < 18H 'I'Ilrn 
00; 
L=DISPLAY$RAM$POIm'ER-<:uRSER$lXlIl.M*5OH; 
/* 
GEl' NEXT LINE */ 
00 WHILE (L < 7D0II) J\ND (L <> 
(LINEO J\ND 7FFH)); 


DISPLAY$RAM(L)=OFlH; 
/* 
ERASE tMI'IL 
LINEO OR */ 
L=LT5OH; 
/* 
FNl OF DISPLAY RAM*/ 
FNl; 
1.=0; 
00 WHILE L <> (LINEO J\ND 7FFH); 
/* 
ERASE tMI'IL 
LINEO */ 
DISPLAY$RAM(L)=OFlH; 
L=LT50H; 
FNl; 
FNl; 
FNl ERASE$FKM$ClIR5ER$TO$END$OCRE»l; 


10m: 
PIO:ElURE; 
ClJRSER$1Oo/=00; 
OlRSER$(X)ll.MI=OO; 
ClJRSER$CN=I; 
CALL LOl\D$(lJRSER; 
DISPLAY$RAM$POIm'ER=(LINEO J\ND 7FFH); 
FNlIOm; 


181 
2 
182 
2 
183 
1 


CLFAR$SCREEN: 
PRXmJRE; 
CALL HCME; 
CALL EAASE$FIOI$QJRSER$TO$END$OF$SCREEN; 
END CLFAR$SCREEN; 


184 
1 
SCR)LL: 
PRXmJRE; 


185 
2 
CALL IlU\N{; 


186 
2 
EXO=O; 
/* 
DISl\BLE VERTICAL REFRESH INI'ERRJPl' 
*/ 
187 
2 
IF 
LINEO= lF8011 THm 


188 
2 
LINEO= 18000; 


189 
2 
ELSE 
LINEO= LINEO+-5011; 


190 
2 
EXO=l; 
/* 
EW\BLE VERTICAL REFRESH INl'ERRJPI' 
*/ 


191 
1 
END SCR)LL; 


192 
1 


193 
2 
194 
2 
195 
2 


196 
3 
197 
3 
198 
3 
199 
3 
200 
2 
201 
2 
202 
2 


203 
2 
204 
2 


205 
3 


206 
3 
207 
3 


208 
3 
209 
1 


LINE$FEED: 
PRXmJRE; 
IF 
aJRSER$JUo/=18H 
THm 


CALL SCR)LL; 


ELSE 
00; 


aJRSER$JUo/= 
OJRSER$IO#I; 


aJRSER$<l'l= 1; 
CALL UlAD$aJRSER; 
END; 
IF 
DISPLI\Y$IWI$POINTER 
> 17m 
THrn 


DISPLAY$IWI$POINTER=DI SPLI\Y$IWI$POINI'ER- 78011; 
ELSE 
DISPLI\Y$IWI$POINrER--DISPLI\Y 
$IWI$POINI'ER+- 5011; 
L=DISPLI\Y $1WI$POINTER-aJRSER$CX)llMN; 
IF 
DISPLAY$IWI (L) =OFlH THrn 
/* 
I1XJ( 
FOR END OF LINE CIIARACl'ER*/ 


00; 
CALL FILL; 
/* 
IF 
TRJE 
FILL 
WITH SPACES */ 
DISPLAY$IWI(L)=2011; 
END; 
END LINE$FEID; 


210 
1 


211 
2 
212 
2 
213 
2 
214 
2 


215 
2 
216 
3 
217 
3 
218 
3 
219 
3 
220 
4 
221 
4 
222 
4 
223 
4 
224 
3 
225 
3 
226 
3 


227 
3 
228 
2 


229 
2 
230 
2 
231 
1 


1* 
PRX:EIlJRE 
DISPLAY: 
THIS 
PRlCEIURE 
WILL TAKE TIlE B'fTE IN RAMl.ABELED 
REX::ElVEAND PUT IT 
INro 
THE DISPLAY RAM. *1 


DISPLAY : 
PRXEIlJRE; 
DISPLAY$RAM(DISPLAY$RI\M$POINrER) =REX::EIVE; 
IF 
DISPLAY$RAM$POINrER=7CFH Tm1'I 
1* IF 
DID OF RAM*1 
DISPLAY$RlIM$POIN1'ER=OOOH; 
1* RAP AIOJND ro 
BEXiINNIIIi *1 
ELSE 
DISPLAY$RAM$POIN1'ER=DISPLAY$RlIM$POINreR+-1; 


IF OJRiER$OJIalN=4FH 
Tm1'I 


00; 
aJRSER$OJIalN=OOH; 
L=DISPLAY $RAM$POIN1'ER; 
IF 
DISPLAY$RAM(L)=OFlH 
Tm1'I 


00; 
CALL FILL; 
DISPLAY$RAM(L)=2OH; 


END; 
IF 
OJRiERSHM=18H 
Tm1'I 


CALL &:roLL; 


ELSE 
OJRSER$HM=CURSERSR:M+ 1; 


END; 
ELSE 
OJRiER$(X)IalN.cuRiER$(X)UM* 
1; 


aJRSER$Ql=1; 
CALL Illl\OCURSER; 
END DISPLAY; 


232 
1 


233 
2 


234 
2 
235 
3 
236 
3 
237 
3 
238 
3 
239 
3 
240 
2 
241 
3 
242 
3 
243 
3 
244 
4 
245 
4 
246 
4 
247 
4 
248 
3 
249 
3 
250 
3 
251 
3 
252 
2 
253 
3 
254 
3 
255 
3 
256 
3 
257 
2 
258 
3 
259 
3 
260 
3 
261 
3 


262 
3 
263 
4 
264 
5 
265 
5 
266 
5 


267 
5 
268 
5 
269 
5 


270 
5 
271 
5 
272 
5 
273 
5 
274 
5 


275 
5 
276 
5 
277 
5 
278 
4 
279 
3 


/* 
PRX:&l.JRE o&:IPIIER: 
THIS PRX:&l.JRE DB:XJOE:STHE oosr 
CD1IUIER'S 
MESSAGESAND DEl'EIMINES 
WHE:1'IlERIT IS A DISPLAYABLECHAR/lCTER. CXNl'1OL SEl;JJENCE. OR AN EOCAPE S~ 
THE PIOCEl:URE TtJE}I lCrS 
l\O:ORDIN:;LY */ 


DEJ:IAlER: 
PRX:&l.JRE, 
srARl'$o&:IPIIER: 
VALID$REX:EPrICN=O; 
1=0, 
00 WHILE (I<FIFO) 
AND (SERIAL(I»J.m) 
AND (SERIAL(I)<7F1I), 
mx:EIVE=SERIAL (I) ; 
CALL DISPLAY; 
1=1+1; 


mo; 
IF 
1>0 '1lIm 
00; 


ES=O; 
/* DISABLE SERIAL INl'ERRJPl' 
WHILE MJVI~ 
FIFO */ 


K=FIFO-I; 
00 J=O ro 
K; 
/* MJVE FIFO */ 


SERIAL(J)=SERIAL(I); 
1=1+1; 


mo; 
FIFO=K; 
ES=ENSP; 
/* E2WlLE SERIAL INl'ERRJPT */ 


VALID$REX:EPrICN=l, 
mo; 
IF FIFO=O '1lIm 
00; 


SERIAL$INT=O, 
<DIU mo$o&:IPIIER; 
mo; 
IF 
(SERIAL (0) zlBH) 
'1lIm 
00, 
IF 
(ESe$SEQ=l) 
AND (FIFO<2) 
'1lIm 


<DIU ~o&:IPIIER; 
K=(SERIAL(l) 
AND SElI)-4011; 
IF 
(K >0011) AND (K<lX:H) '1lIm 
00, 
00 CASE K; 
. 
CALL UP$QJRSER, 
CALL IOfiSCURSER, 
CALL RIGHI'$aJRSER; 
CALL LEFTSCURSER; 
CALL CLEAR$SCREDl, 
CALL MJII$QJRSER; 


/* ESe A */ 
/* ESe B */ 
/* ESe c */ 
/* ESe D */ 
/* ESe E */ 
/* ESe F */ 
. 
CALL ERASE$FlOI$QJRSER$'ro$END$CF$SCREDl; 
/* ESe J */ 


CALL BLINE, 
/* ESe K */ 
mo; 
mo; 
ES=O; 
/* DISABLE SERIAL INl'ERRJPl'S 
WHILE M:NIN:; FIFO */ 


280 
4 
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4 
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3 
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3 
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3 
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4 
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4 
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4 
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4 
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300 
4 
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302 
3 
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4 
305 
4 
306 
3 
307 
3 
308 
3 
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3 
310 
2 
311 
3 
312 
3 
313 
4 
314 
4 
315 
4 
316 
3 
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3 
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3 
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2 
320 
2 
321 
2 


00 1=0 ro 
(FIID-2), 
SERIAL(I)=SERIAL(I+2), 
;* KlVE FIFO *; 


mo, 
FIFO=FIID-2, 
ES=ENSP, 
;* ENABlE SERIAL INI'ERHJPI'S *; 
VALID$RECEPTION=I, 
IF FIFO=O THEN 
00, 


SERIAL$INT=O, 
ooro 
mo$DEX:IHlER; 


mo, 
mol 
IF 
(SERIAL(O» 
07H) l\ND (SERIAL(0) <0E1I) THEN 


00, 
00 CASE (SERIAL(0) 
-08H); 


CALL LEFT$aJRSER, 
;* en. 
H *; 


. 
CALL CIEAR$SCREEN; 
CALL Cl\RRIJ\GE$REl'lJHl; 
mol 
FS=O~ 
00 1=0 ro 
(FIID-l); 


SERIAL(I)=SERIAL(I+l) 
; 


mo, 
FIFO=FIID-l, 
ES=ENSP; 
VALID$RECEPTION=I; 


END; 
IF VALID$RECEPTION=OTHEN 
00; 
ES=O, 
00 1=0 ro 
(FIID-l); 
SERIAL(I)=SERIAL(I+l); 


mol 
FIFO=FIID-l; 
ES=m5P; 
mol 
IF FIFO=O THEN 


SERIAL$INl'=0; 
:END$IlR:IHlER: 
mo 
IE::IHlER; 


/* 
PRlCElXIRE T~91IT- 
nus PRlCElXIRE LQ(J(S M THE CLEAR 'ID SEND PIN FUR AN ACTIVE 
LOll SIGNAL. 
CNCE THE MAIN CCMlVl'ER SIGNALS THE 8051 
THE AOCII 
CHARACTER IS ror 
IN'ID THE SERIAL FORT. */ 


322 
1 
~91IT: 
PR:x:EWRE; 
323 
2 
IF 
ICCAI.$LINE 
=1 THEN 


324 
3 
00; 
325 
4, 
00 WHILE (CLEAR$TO$SE2ID=I) OR (~91IT$1NT=0); 
326 
4 
END; 
327 
3 
SBUF=AOCII $KE:l ; 


328 
3 
~$INT=O; 
329 
3 
END; 
330 
2 
ELSE 
00; 
331 
3 
SERIAL (FlFU) =AOC1I$KE:l; 


332 
3 
FIFO=FIFOt 
1; 


333 
3 
SERIAL$INT=I; 
334 
3 
END; 
335 
1 
END ~91IT; 
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3 
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3 
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3 
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3 
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345 
3 
346 
4 
347 
4 
348 
4 
349 
5 
350 
5 
351 
5 
352 
5 
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4 
354 
3 


355 
4 
356 
4 
357 
4 
358 
. 
4 
359 
4 
360 
4 
361 
3 
362 
1 


Al1l'O$REPEl\T: 
PR:x:EWRE; 
IF 
~=1 
TIIEN 
00; 
~91IT$T<XXi[E=O; 
~91IT$CXXJNT=ODOH; 
CALL ~91IT; 
/* 
FIllSI' 
CHARACTER*/ 
NEW$I<EI( 
=0; 
END; 
ELSE 
00; 


IF 
~91IT$CXXJNT 
<> 
0011 THEN 


00; 


~$O:XJNT"'1'~91IT$COONl't 
1; 
IF 
~91IT$CXXJNT=0Fm 
TIIEN 
/*r:uR 
~ 
FIllSI' 
CHARACTERAND THE SB:XH> */ 


00; 


CALL ~91IT; 
/*5EXXH) 
CHARACTER*/ 
~91IT$CXXlNT=00; 
END; 
END; 
ELSE 
00; 


aJRSER$CN=I; 
OJRSER$<XXJNT=O; 
IF 
~91IT$T<XXi[E 
= 1 THEN 
/* 
2 VERT FRI\HES ~ 
3Rl 
TO NTH CHARACTER*/ 


CALL ~91IT; 
/* 
3Rl 
TIIlOJGII 
NTH CHARACTER */ 
~$T<XXi[E= 
oor ~$T<XXi[E; 


END; 


END; 
END Al1l'O$REPFAT; 
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1 
374 
1 
375 
1 
376 
1 
377 
1 


376 
2 
379 
2 
360 
2 


361 
1 
362 
1 


363 
1 
364 
1 


365 
1 
366 
1 
367 
1 


INIT: 
ro L=O 'IU 7CFll; 
DISPLAY$RAM(L)=20H; 


lliD; 


EOC$SEQ=O; 
SCJ\N$INT=O; 
SERIAL$INT=O; 
FIFO=O; 
aJRSER$O:uNI'=O; 
LLC=O; 
Dl\TA$'l'ERoIINAL$REAVf=1; 
~=05ll; 
LINEO=1601ll; 
RI\STER=1601ll; 
DISPlAY $RAM$1'OIm'ER=0001ll; 
TRI\N9oIIT$INT= 1; 


ro 1=0 'IU 7; 
LAST$KEY(I)=OOH; 


lliD; 


VALID$KEY=O; 
LAST$SHIFT$KEY=1; 
LAST$CDNI'IOL$KEY=1; 
LAST$CAP$LOCK=1; 
$ENDIF 


$IF 
SW2 
ICVFLG=O; 
!MC=O; 
RiFIN=O; 
KBDINT=O; 
ERKlR=O; 
$ENDIF 


CXMolAND$AIDRESS=OOH; 
PAlWoIEll'ER$AIDRESS=4Fll; 
PARl\MEl'ER$AIDRESS=56H; 


/* 
RESEr TIlE 6276 */ 
/* OORolALlOiS, 
60 
CIIARAC'1'EJVIm 
*/ 
/* 2 Im CCUNl'S PER VERl'ICAL RE1'R1>CE 
25 IOiS 
PER FRAME */ 


/* LINE 
9 IS 
TIlE UNIERLINE 
FOSITICN 
10 LINES 
PER Im */ 
/* OFFSEl' 
LINE CUlNI'ER, 
~--'l'RANSPARENI' 
FIEID 
ATl'RIWTE 


PL;M-51 
CDlPILER 
~HJLLER 


390 
1 
~AOORESS; 


391 
1 
<lJRSER$OOLlMN=OOH; 


392 
1 
QJRSER$RlW=OOH; 


393 
1 
aJRSER$O)L=OOH; 


394 
1 
CALL LOAD$QJRSER; 


395 
1 
~$AOORESS; 


396 
1 
CXMW'ID$AIDRESS=OEOH; 


397 
1 
~$AOORESS; 


398 
1 
<X:MWID$AOORESS=23H; 


399 
1 
OHoIAND$AOORESS=QAOH; 


400 
1 
~$AOORESS; 
;* STAR!' DISPLAY *; 
;* mABLE 
Im'ERRJPl'S 
*; 


$IF 
SWl 


IP=1OH; 
IE=8511; 
$ENDIF 


$IF 
SW2 


IP=1OH; 
IE=B7H; 
'JM)[)=05ll; 
TLO=OFFB; 
THO=OFFH; 
TR0=1; 
$ENDIF 


;* SERIAL RJRI' Hl\S HIGIESl' 
PRIORI'lY *; 
;* mABLE 
TIMERO INl'ERRJPl'*; 
;* TIMER. 0 aoEVan' COONI'ER *; 


;* 
PRJCEllJRE 
SCANNER: THIS 
PRJCEllJRE 
!DINS 
THE KEf~ 
AND DEn'ERoIINES IF 
A 
SI~ 
VlILID KEI' Hl\S BErn 
RISHEl>. 
IF 
TRJE THEN THE AS::II 
EX1JIVALmI' 
WILL BE TRl\N9U'ITID 
TO THE IDSr 
CDoIRJIER. *; 


403 
1 
SCANNER: 
FA=1; 
404 
1 
DM'A$TEHUNAL$REA!7{=O; 


405 
1 
IF aJRSER$CUJNI'=lFH 
THEN 


406 
2 
00; 


407 
2 
aJRSER$(N=tUr 
aJRSER$CN; 


408 
2 
aJRSER$CUJNI'=00; 


409 
2 
IF aJRSER$CN=O THEN 


410 
2 
aJRSER$O)L=7FH; 


411 
2 
CALL 1.Dl\D$ClJRSER; 


412 
2 
END; 


413 
1 
IF 
LIC<>I.a:AL$LINE 
THEN 


414 
2 
00; 


415 
2 
IF 
LOCAL$LINE=O THEN 


416 
3 
00; 
417 
3 
ENSP=O; 


418 
3 
ES=O; 


419 
3 
END; 


420 
2 
ELSE 
CALL O!EO($BAlJD$RATE; 


421 
2 
LIC=I.a:AL$LINE; 


422 
2 
END; 
$IFSW1 
423 
2 
00 WHILE !DIN$INl'=OI 


424 
2 
IF 
SERIAL$INl'=1 
THEN 


425 
2 
CALL J:a:::ImER; 


426 
2 
END; 


427 
1 
428 
1 


429 
1 
430 
1 


431 
2 
432 
3 
433 
3 
434 
3 
435 
4 
436 
4 
437 
4 
438 
3 
439 
4 
440 
4 
441 
4 
442 
3 
443 
4 
444 
4 
445 
5 
446 
5 
447 
5 
448 
5 
449 
4 
450 
5 
451 
5 
452 
5 
453 
5 
454 
4 


455 
5 
456 
5 
457 
5 


458 
6 
459 
6 
460 
6 


461 
7 
462 
7 
463 
7 
464 
7 
465 
8 
466 
8 
467 
8 
468 
8 


469 
8 
470 
7 
471 
6 
472 
5 
473 
5 
474 
5 
475 
5 
476 
5 
477 
5 
478 
4 
479 
3 


480 
4 
481 
4 
482 
4 
483 
3 
484 
2 


CALL RFADER; 
IF 
VALID$KE'l =1 AND SAME=1 AND (lASl'$SHIFI'$KE'{~HIFI'$KE'l) 
AND 


(lASl'$CAP$LO::1<:CAP$LO::1<) AND (lASl'$OJNI'R)L$KE'l=a:Nl'R:>L$KE'{) 
'mEN 


CALL Al1IU$REPEAT; 
ELSE 
00; 
IF KE'{O=O AND SAfoIE;O'mEN 
00; 
TEMP =0; 
K=O; 
00 WHILE lASl'$KE'l(K)=O; 
K=K+l; 
mIl; 
'I'EMP;LAST$KE'l (K) ; 
00 I=(K+l) 'ID 7; 
TEMP='l'EMPHAST$KE'l (I); 


mIl; 
IF 
'I'EMP;lASl'$KE'l 
(K) 'mEN 


00; 
J=O; 
00 WHILE (TEMP AND OlJl) =0; 


TEMP-SIIR 
(TEMP, 1) ; 


J;J+l; 


mIl; 
IF 
TEMP >1 'mEN 
00; 


VALID$KE'l-O; 
NEW$I<E:i =0; 


mIl; 
ELSE 
00; 
IF <nmoL$I<E'{=O 
'mEN 


AOCII $KE'i- (Iai$SCI\N 
(K) .ICE'{ (J» 
AND lnI; 


ELSE 
00; 
IF 
SHIFI'$KE'l-O 
'mEN 


AOCII$KE'l =Iai$SCI\N 
(K+08H) •ICE'{ (J) ; 
ELSE 
00; 
AOCII$KE'i "'lQi$SCAN 
(K) •ICE'{ (J) ; 
IF 
(CAP$LO::1<=O) AND (AOCII$KE'i>6OH) 
AND (AOCII$KE'i<7BH) 
'mEN 
AOCII$KE'i "'iISCII $KE'i- 2OH; 


IF 
LU::=O 'mEN 
00; 


IF 
AOCII $KE'i=1BH 'mEN 
ESC$SElQ=1; 


ELSE 


ESC$SElQ=O; 
mIl; 


mIl; 


mIl; 
lASl'$SHIFI'$KE'i=SHIFI'$KE'i 
; 


lASl'$CAP$LO::1<:CAP$LO::1<; 
lASl'$OJNI'R)L$KE'{~L$KE'{ 
; 


VALID$KEY=I; 
NEW$KE'{=1; 
mIl; 
mIl; 
ELSE 
00; 
VALID$KE'l =0; 
NEW$KE'{=0; 
mIl; 
END; 
END; 


$mDIF 


$EJI'I:T 


$IF 
SW2 


IF 
SERIAL$INT=l 
THEN 


CALL Da:IPHER; 
IF 
KBllINT =1 THEN 
00; 
IF 
ERRJR =0 TIlEN 


00; 
AOCII$KE'i =ISr$KE'i 
(1) ; 
~=1; 
CALL lIUI'O$REPFAT; 
KBllINT=O; 


DID; 
ERRJR=O; 
KBllINT=O; 
DID; 
$E2IDIF 


KXXJIE 
INFURoIl\TICN: 
ODE 
SIZE 
CCNSTANl' SI ZE 
DIREX::TVARIABLE SIZE 
INDIRB::1 
VARIABLE SIZE 
BIT 
SIZE 
BIT-AIDRtSSABLE 
SIZE 
AUXILIARi 
VARIABLE SIZE 


MAX~ 
ST~ 
SIZE 


RmIsrER-1WI< 
(S) 
USED: 
1056 
LINES 
REl\D 
o PKlGRl\M ERroR(S) 


DID OF PL,IM-51 a:MPILATICN 


(STATIC+<JIIERLAYABLE) 
= 08E6H 
22780 
= 00808 
128D 
2IlfTOOH 
450+- 
DO 
00Ht00H 
0Dt- 
DO 
101ft-OOH 
16Dt- 
OIl 
001ft-00H 
0Dt- 
DO 
~ OOOOH 
DO 
= OOOCH 
120 
o 


I~I~-!I 
~~S-SI 
~A~~~ 
AS~E~B~E" 
Y2.1 
OtlJ~Cl 
MO"ll~E 
PL.A~Eu 
1~ 
:.1 :CHTASr4.IJBJ 
l~S~~dL~q 
I~uuK~O 
Brr 
AS~SI 
IFI:"HrA~M.SHC 


OU2~ 
~OuO 


OU27 
CO~O 


OU29 
COuo 
OU2d 
6SUOUO 
F 
Ov2~ 
&SUOUO 
F 
OU31 
78UI 
Ou3j 
~2 
Ou3" 
uSuo 
F 
OU30 
u2uO 
F 
Ou38 
uOUO 
Ou3A 
uO~O 


Ou3" 
lJOllO 
OU3~ 
j2 


OU3. 
COUO 


Ou41 
CO~O 
OU43 
•.062 
OU4~ 
C01l3 
Ou47 
lit-A 


OU49 
VOd! 


OUOd 
u01l2 


Ou4", LiO~O 
Ou4F 
LiOUO 


01.151 32 


1, 


j 
"~ 
o 
7 
6 
9 
Iv 
III, 
13 
14 
I~ 
Ib 
17 
18 
1'1 
20 
21 
2C 
23 
24 
2:; 


21> 
2/ 


211 
2'1 
3u 
31 
32 
33 
3" 
3~ 
30 
37 
311 
3'i 
4U 
410, 
43 
04 
4:; 
40 
47 
Oil 
O~ 


SU 
51 
5, 
S3 
5'1 
S:; .1 


I'UdUC 
BL.AhK 
pUllUC 
BL.I~E 
PUIlLIC 
F lL~ 
EXIRh 
uAIA 
C~I~Eu,HA~TER,PuI~T,S~RIAL,t'IfO,CUR~EH,~OUNI,L.) 
EXIRh 
dIT 
IS~R1NI,ES"SEQ,TkNINT,~CAN) 


CSEG 
AICu311) 
:lJMP 
vEHT 


EXIRh 
CCliE 
CUEIA~H) 
CS"G 
AT( UBI1) 
L.JMP 
UEIACH 


CSEG 
AT(OI3Hj 
:lJMP 
dUfFER 


CSEG 
AICU2JH) 
~JMP 
~E"BUF 


pU~H 
pUSP 
PUSI< 
MOU 
MaY 
MaY 
"'OuX 
INC 
~ETB 
1'01' 
pOP 
pop 
HEll 


I'USI< 
PUSI< 
PU~I< 
pU:>!' 
ACAL~ 
pop 
1'01' 


POi" 
pot' 
HE I I 


Ph 
AC~ 
UOH 
HA~lER,L1NEO 
HASTERtl,L1N~Otl 
HO,*OII1 
A,aRU 
•.ou~r 
:lCA~ 
UOH 
Ae •. 
pSH 


'INCH 
CUHSER 
CUUNT 
REGISIEH 
,FOR 
DEBOUNC~ 
HOUTINE 
:POP 
REGISTEHS 


"~S-51 
••••.Ru 
AS:.E~.Blt • 
et<TAS ••. 


SYMIlOl 
"lIlt 
LI:.TlNb 


~ • 
,..E 
T 
y 
P 
E 
\I • 
l 
U 
E 
• 
T 
T 
R 
I 
B 
L 
T 
E 
S 


'ce. · 
0 
'uC" 
OuEUI' 
" 
8l'I\K. 
e 
'ue. 
oue:.1' 
" 
PU8 


8ll"E. 
C 
'uOt< 
OU.tiM 
• 
PUll 


lluFFE" · · 
e ."0,, 
OUHH 
• 
CHECK. 
e 
'UOt< 
010t< 
• 
CuN11. 
e 
'110" 
OUBuH 
• 
ClI"T2. 
e 
'ue. 
OuE I'" 
• 
eUUI~T. 
0 
'uOt< 
ElIT 


euR:iEk · 
0 
'uOt< 
EH 


ouOI~E • 
C 
'UO" 
OuHM 
• 
OM'. 
e 
AuOt< 
OuFAM 
• 
oK'Oil:t · 
e 
'uo. 
O~BdH 
A 


DONt 
C 
'uO" 
01B~H 
" 
oPM. · 


0 
AUCt< 
oueJt< 
• 
DPl. · 


0 
ADOt< 
Oue~H 
• 
E lGHTY 
e 
Auot< 
OI"1M 
A 


ESC:lEw · · 
1I 
AUOt< 
EH 


I'll'''· 


0 
AuC" 
ElT 


FlF1Y. 
C 
Auot< 
OH:l1< 
• 
FleL 
e 
AlItH 
OOOUM 
A 
PUB 


FuRTY. 
e 
AUOt< 
01511< 
A 


GuBAC" 
e 
ADC. 
OUB~H 
A 


l. .. 
0 
Auot< 
ElT 


UNtO. 
· 
0 
AllOt< 
Ell 


NU TV E T 
C 
AUot< 
ou97M 
A 


OUEk 
· · 
C 
AuC", 
OUS'l1< 
A 


OIlEHI. 
C 
AuoH 
Ou78H 
A 


PIII"T. 
0 
AuO" 
Ell 


P:iIO. 
0 
'UOt< 
OUOUM 
A 


IlAS lEt< 
0 
AIlCt< 
EH 


SbUF · · 
° 
AllOt< 
OU9'lH 
A 


SC'" · 


e 
Auok 
ElT 


StAIIUF 
C 
AuO •• 
OU5~H 
A 


stAUl 
0 
AUot< 
ElT 


StA1Nl 
!l ADOH 
Ell 


St IINTV · · 


e 
AlIo" 
OIBUH 
A 


SIX lYe 
e 
AUOk 
017'1M 
A 


TtN. 
e 
AUOk 
011:;101 • 
THlkTY 
C 
AUo •• 
013UM 
A 


TI<II:ll" 
I 
B 
AuO'" 
EAT 


TrIEr..TV · · 
e 
AUC", 
01<''1101 
A 


IItA·1 · 
e 
AUo", 
Ou2:'H 
A 


AlG15TE" 
I;Ar.KlSJ 
UStO: 
U 


':i5l"'l;lY ~O"'PLErE, 
he 
Et<AUA:. 
~OuNu 


MCS-Sl 
"'A~1l11AS;,E~lI•.E" 
CHTAS'" 


LUC 
08J 
U~C 
I>OuR~E 


511 
Ol/Sc 
30HI/q 
51 
I>El'I8uFI JNlI 
u~<;~,CvE" 
In 
THAN::'MIT 
81T 
~UT 
S~T 
THE~ 
~HECK 
HE~EIVt 


010155 ~29'l 
50 
~LH 
I/~'l~ 
,CLR 
THA~SI'III>SIO~ 
INIEKRIIPT 
fLAG 
OU51 
u2UO 
F 
5<; 
Hr8 
IIl!'I"T 
:SlTa 
TRA~I> 
INI 
fOH 
PL"'51 
I>TAlUS 
CHECM 


Ou5'1 
20Y!C8 
6U 
uVER' 
J8 
HH,liClIA",K 
IIF 
HI 
NOT 
St::T 
GuUCf( 
OIlSC l.OUI 
U 
I'U;;H 
Ul 
Oust:: A'I9'l 
~2 
Mv 
HI,Sallf 
,RtAu 
lI8llF 
Ou6u 
C298 
ld 
CLH 
O'la~ 
ICLEAR 
Rl 
all 
Oul.>j!",OUO 
6 •• 
PUSH 
PSI'. 
,PUSh 
HEli11>TERI> UStO 
8Y 
PL"5l 
0064 
COtO 
65 
PlJlIt< AC~ 
OU6b 
~OUO 
611 
PUSH 
00" 
0060 
",2UO 
F 
67 
~LH 
t::!~StO 
ICLR 
EI>C StQUENCt:: 
FLAG 
OUU 
7quO 
F 
6<1 
MOV 
A,.atRIAL 
IGH 
StRIAL 
fifO 
RAM 
STAHT 
LllCAUO,," 


Ou6C 
~SOO 
F 
6'1 
AOU 
A,fIfC 
lAND 
Fl~U 
HDR 
fAN 
INTO 
THE 
FIFu 
liE AHE 


OU6E 
F8 
7U 
MDV 
HO,A 
IPuT 
II 
HnD 
HU 
OU6F 
t'l 
71 
MDV 
A,"1 


OUTu 
~2ri.T 
T2 
~LH 
UE711 
,CLR 
81Y 
7 
OF 
AC~ 
OU72 
F6 
73 
MOV 
.RU,A 
IPUT 
DATA 
IN 
FIFU 
oun 
bOl81l2 
74 
CJNE 
A,*laH,OvEHl 
IIF 
UATA 
IS 
NOT 
A 
tac 
HY 
THEN 
GO 
OVtR 


0070 
D200 
F 
75 
I>ETB 
lICSri.Q 
IStT 
EI>C SEQUENCt 
FLAG 
Ou711 
uSuo 
F 
76 
OVtRlI 
INC 
FIfC 
IMOY 
FIFe 
TO 
NtXT 
LOCATION 
OU7A 
"'2UO 
F 
71 
SET8 
ShI"'T 
,SET 
SERIAL 
INT 
bIT 
FOH 
PLMSl 
lITATus 
CHECM 
o U 71:.",OuO 
711 
POP 
UOI1 
IPIlP REGlSlEHS 
OU7E 
uO"O 
H 
POP 
"C~ 


008101 LlOUO 
8U 
POI' 
fI!II 
ou8j! "'Oul 
Sl 
POP 
Olh 
OU84 
32 
12 
liOIU~KI 
HEU 
83 
0085 
COUO 
8q 
aLANKI 
PUI>H 
Ph 
IPUSH 
HEli uSED 
BY 
PL"51 
0087 
COri.O 
~5 
PUSH 
Ace 
01018'1COll2 
80 
PUS~ 
LlPL 
OU8ts COel3 
II 
PUSH 
OPH 
OuBu 
COUO 
ell 
PUSH 
00'"' 
008f 
8SuOll2 
F 
89 
MOV 
llPL,LINEU+l 
IGET 
LINEO 
INFu 
00'l~ 
8SuOll! 
F 
'1U 
MOV 
llP,""LINEO 
lAND 
PuT 
IT 
INTO 
DpTH 
0\1'15 7850 
'II 
"'OV 
HO,.50H 
INUMliEH 
OF 
CHAHA~TERS 
IN 
A 
LINt 


00'17 
lO~O 
~~ I.OTTET I MOV 
A,.2UI< 
IASCII 
SPACE 
CHAHACTER 
OU'I'I fO 
'Il 
MOYX 
.CpTR,A 
IMOV 
TU 
OISPLAY 
HAM 
0101'110 
A3 
'1'1 
INC 
L1PTR 
I II~CH 
TO 
~lXT 
uIliPLAY 
HAM 
LOCATION 
Ou'la 
L1BfA 
'15 
OJI'lZ HO,~uTTEl 
IIF 
ALL 
SOH 
LOCATIllNS 
ARE 
NOT 
FILLED 
'1b 
,GO 
LID MORE 
OU'lu uOUO 
'11 
POP 
UOll 
IPOP 
REGlSTEHS 
Ou'IF DOb! 
'Ill 
POP 
liPII 
OuAI 
1010112 
'19 
POP 
OPL 
OuAj 
uOtO 
10U 
POP 
Ace 
OuA, 
uOUO 
101 
POP 
PS~ 
OUAI a 
10c 
"ET 
103 
+1 
*EJECT 


MeS-51 
l'lolCRIJolS.:ihHcEh 
CtHolS ••. 


LVC 
uBJ 
L!~t. 
;,OuRCE 


10~ 


OUolO 
eouo 
10:' 
aL!Nt: 
I'U:>M ,.S~ 
;PUSM 
kEijISTt.R:> US~D 
8Y 
PLM51 
OUolol ••0t.0 
100 
PU.:i~ ACC 


OUAC 
••Od2 
1 Q 1 
I'U.:i 
•• L.PC 


OUAt. 
eOd~ 
100 
I'U:i•• uPII 


OUBU 
COUO 
10'1 
I'U:>M UOIl 


OOB,: 
115U01l3 
F 
1IU 
MOV 
Up",,.C~NI 
,Gt.T CURkE~T 
D1SI'LAY 
RAM 
LVCAT10~ 
008~ 
b5U002 
F 
111 
MOV 
Upc,r'CHn+l 


OU811 
~30310 
lie: 
URL 
uFn,UuM 
,St.T 8IT 
15 
~Ok 
hAM 
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UECOUI~G 
OUBd 
ABVO 
F 
1IJ 
MOV 
"O,CUR.:iEk 
,GtT 
CUR,;jEk COLUMN 
I~FU 
10 
T~LL 
MO~ 
11~ 
;FAR 
II\TO 
TH~ 
kDII 
yOU 
ARE 


OU8U 
I~':O 
11:' 
CONTI 
1 
MOv 
A,#cUM 
IASC1I 
SI'AcE 
CnA"ACTtR 


OUBf 
fO 
lib 
MOVX 
.Dr'T",A 
,MOV 
TU 
UISpCAy 
kAM 


OUCU 
A3 
111 
INC 
liPIR 
lINCH 
TO 
I\EX1 
UhpLAT 
HAM 
COCA TIU~ 
OUC~ 
OB 
lid 
INC 
HO 


OUCe 
a6::.0fB 
11'0 
CJNE 
HO,#50M,COI~TI 
'IF 
NDT 
AT 
THE 
EI~D Of 
TMt 
LI~E 
12U 
, CONTINUE 


OuC:; 
uOuO 
121 
I'DI' 
UO" 
,PUP 
Rt.G1S1EHS 


OUC7 
u003 
Ice 
POI' 
LIPII 
OuC'I 
101002 
12J 
1'01' 
UPL 


OUCIl 
UO~O 
1211 
I'DI' 
ACe 


OuCU 
1J0UO 
125 
POP 
PS~ 


OUCF a 
12b 
HET 


121 
OUoU 
COOO 
12el 
I'ICLl 
I'USM 
Ph 
IpUSH 
HE~IST~R:i 
USt.D 
BY 
PLM51 
OVDe 
L.O~O 
12'1 
PU';" 
ACC 


OuDIi 
(;002 
13U 
1'101:1"upC 


OuDo 
COd3 
131 
PUSM 
IIPH 


OuDll 
COUO 
13': 
PUSM 
UOn 


OUDA 
C3 
43,S 
CLR 
C 


OuDIl 
05U003 
F 
1311 
MOV 
UpM,L 
IGET 
Bt.GI~~I~G 
Of 
LINE 
RAM 
LIICATIDN 
OODE 
115U01l2 
F 
13:. 
MOV 
UpL,L+l 
ICALLULATEU 
oY 
pLM51 


OuEI 
"3d310 
130 
URL 
IIpII,#IUM 
,SET 
BIT 
15 
FOH 
UllipLAT 
HAM 
ADURUS 
UECOUE 
OUE" 
IB~F 
137 
MOV 
HO, UFH 
ISET 
UP 
COUNTE" 
FOk 
SOH 
LOCA TIUNS 
OUEo 
A3 
I3d 
INC 
UPTR 
IGO 
Pol:lT TME 
OF1H 


OuE1 
l~eO 
43'1 
CONT':I 
MOV 
A,#2UM 
IASC1I 
SPACE 
CHA"ACTt.R 


OUE'I 
FO 
14U 
MOVX 
.DPT",A 
IMIIVE 
10 
DISPLAY 
RAM 


OuEA 
A3 
141 
INL 
UP Hi 
'INCH 
TO 
NEXT 
UI:lpCAY 
HAM 
LOCATION 
OUEll 
u8fA 
14e: 
OJNZ 
"0,Cul\T2 
,IF 
ALL 
79 
LUCATIO~S 
MAVE 
NOT 
bEEN 
FILLEu 
I~J 
1THEl'4 COI\TlNuE 


Oufu 
uOUO 
11111 
I'DI' 
VOII 
11'1011' 
Rt.GlSTEHS 


OUEf 
uOel3 
14::. 
POP 
UP" 


OuFI 
11002 
4~0 
I'DI' 
LlPL 


OuFJ 
LlOt.O 
1~7 
POI' 
ACc 


OuF:. 
1101,10 
140 
POI' 
PS~ 


OuF7 a 
I~'I 
kET 


45U 
151 
.5.: +1 
iIlEJECT 


~~S-SI 
I'tA';A"AS~h 
aLEt< 
C~TAS., 


LuC 
"PJ 
U/,~ 
~OuRLE 


IS.! 
IS. 
,T••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
+++++++++ 


IS~ 
ITHI~ 
I(OuT!~~ 
~c~e~ 
UI~PLA' 
I<AM unA 
H 
HO~ 
IlUfFtR 
Or 
0211> 
ISb 
it •••••••••••••••••••••••••••••••••••••••••••••••••••• 
+ ••••• 
+ ••••••• 
IS/ 
OuFo 
ddtl 
1S0 
IJOvNt: 
AJMP 
U~ AC I\e 


IS~ 


OuFA 
IISv01l3 
F 
!6u 
UMA: 
MOy 
ltP".I<A~Tt.R 
ILl/AU 
xFtR 
PUI"hR 
H!eiH 
livrE 


OvFU 
oSIIOIIC? F 
1b 1 
MOV 
IJFI..I<A~Tt.R.1 
ILUAU 
xFtR 
PU!I\TtR 
LUW 
Iln~ 


OIOV 
t.0 
Ib: 
MOVX 
A •• e.Tt< 


0101 
1>.3 
H.! 
!NC 
"PIR 


010e! 
~01l3r3 
16. 
J8 
118:n,OUO"E 
lit 
!N II 
H!eiH, 
TI1EI\ UMA 
U 
OVEI< 
010~ 
to 
Ib~ 
I'IOVX 
A,.O.TI< 


OIOb 
A3 
16b 
!NC 
l;PIR 


0107 
~O 
Ibl 
MVX 
A •• et'l" 


0100 
A3 
160 
!Nl. 
VPIA 


010~ 
to 
16~ 
Man 
A."C~TH 


OIOA 
103 
17u 
!Nl. 
uPIR 


0100 
~O 
171 
MOVX 
A,.Ot'll< 


OIOC 
A3 
17e: 
!NC 
uPIR 


01011 
to 
173 
MOVX 
A •• O/"ll< 


OIOt 
A3 
17. 
!NC 
LlFIR 


OIOt 
1;0 
17~ 
MOVX 
A •• OI'TI< 


01lu 
A3 
171> 
INC 
uPIR 


0111 
~O 
17/ 
Ma~x 
A,.O"TH 


Olle: 
103 
1711 
INC 
LlPIR 


011.1 
to 
17~ 
MOVX 
Ai.OPll< 


Oil. 
A3 
180 
INC 
LlPIR 


Oll~ 
to 
I~I 
TEl''' 
MOVX 
A, ••OF-TI< 


Ollb 
A3 
I~e! 
INC 
LlPIA 


0111 
to 
183 
MOVX 
A,.OI'TI( 


0111:1 1>03 
18. 
INC 
vFlA 


Oll~ 
to 
18~ 
Mavx 
A,.OI'T" 


01110 
A3 
18b 
INl. 
UPIA 


01111 
~O 
1~7 
MOVX 
A,.Ol'll< 


Oill. 
103 
181:1 
!N~ 
uPIR 


OllU 
1::0 
18~ 
MOVX 
A,.Ol'll< 


Ollt 
1>03 
I'IV 
INC 
UFIR 


OIIF 
to 
I'll 
MOVX 
A,.OPll< 


01211 
A3 
I'lt 
llie 
vPIR 


0121 
~O 
1'13 
MyX 
1.,.01'11< 


OIU 
103 
1'1. 
INl. 
IJP11i 


012.! 
to 
I'I~ 
MOVX 
A •• Ot'TI< 


012. 
A3 
1'10 
INC 
vFIR 


012~ 
to 
1'l7 
MOVX 
A,.Ot'TI( 


0120 
103 
,ql:l 
H'l. 
LlFIA 


0127 
t.0 
I'I~ 
MVX 
10,.01'11< 


0121:1 103 
e:ou 
lNC 
uPI~ 


012~ 
to 
cOI 
rW~Nl y: 
MOVX 
A •• Ol"T~ 


012A 
103 
cO2 
!NC 
LIPIIi 


01211 
EO 
to.! 
Man 
10•• 01'1" 


012l. 
A~ 
to. 
!NL 
VPIA 


012U 
to 
cO~ 
MOVX 
10,.01"11( 


Oli!t 
103 
cOo 
!NC 
IIFlli 


012t 
to 
~Ol 
MOVX 
A •• et'll( 


"I.S-~l 
~lA",llu AS:iE"'8LEt. 
C"TASK 


LIJC 
u~J 
Ul\~ 
:'OuRI.E 


013u 
A3 
0:00 
!N\. 
uFIR 


0131 
~O 
o:o.~ 
MOVX 
A,.Cl'l" 


013i! 
A3 
o:lU 
!II;I. 
\IFill 


01H 
~O 
0:11 
"'OVX 
A, ••Ol'l" 


~lh 
A3 
do: 
IN\. 
uF11l 


013~ 
~O 
o:D 
MOVX 
A, ••Ci'l" 


0130 
A3 
clQ 
!I\C 
uP 111 
013/ 
~O 
el~ 
MOVX 
A,.Cl'l" 


0130 
A3 
o:ll> 
!NC 
UPIIl 


013<; 
~O 
0:1/ 
MOVX 
A, ••Cl'l" 


~13A 
~3 
e III 
!"C 
~PIIl 


0130 
t.0 
el~ 
MOvX 
A, ••Cl'l" 


013C 
A3 
au 
!II;, 
\11'111 


0131.1 t.0 
ec1 
HURl 
Y I MVX 
A,.01"1" 


013~ 
A3 
a" 
INC 
uP 111 


0.13f 
t.0 
as 
MOVX 
A,.OPll< 


0111U 
A3 
ecll 
!NC 
"P1R 


01/11 
t.0 
cc~ 
MOVX 
A,.CP1" 


01/1" 
A3 
"cl> 
INC 
"P1R 


01/1S 
~O 
al 
MOVX 
A,.OI'TI( 


01/1" 
A3 
"cel 
!N!: 
uPTA 


0111~ 
t.0 
ec~ 
MOVX 
A, .CP1I< 


,01/11>A3 
i!3u 
INC 
uP1A 


Ql/ll 
t.0 
,,3, 
MeVX 
A, ••Oi'll< 


01/111 A3 
,,3i:: 
INC 
UPlll 


01/1~ 
~O 
1!3S 
MOVX 
A,.OI'T" 


0111A 
A3 
.:311 
INC 
"1'111 


0111U 
t.0 
i::3~ 
MOVX 
A,.CPTI( 


01/1C 
A3 
c31> 
INC 
\lPlA 


01411 
t.0 
i!31 
MOVX 
A,.OPTI< 


01/1t. A3 
I!311 
!NC 
"PIll 


o 111~ t.0 
,,3'1 
MOVX 
A,.Ol'll< 


015U 
A3 
I!IIU 
!NC 
\lPIR 


0151 
~O 
elll 
fOI<TY I 
MO~X 
A,.OI"T" 


0150: 
A3 
"III! 
!N!: 
uPIIl 


015) 
~O 
cllS 
MOVX 
A,.OI'TI( 


01511 
A3 
i!IIQ 
INC 
"Plll 


015~ 
to 
,,1I:i 
MOVX 
A,.OPTH 


0151> 
A3 
clll> 
INC 
UPIIl 


1)151 
t.0 
elll 
MOVX 
A,.CI'1H 


01511 
A3 
ellil 
INC 
"PIA 


015~ 
t.0 
I!II~ 
MVX 
A,.Orl" 


015A 
A3 
,,5u 
!NC 
UPlll 


0151) 
t.0 
1!51 
MOVX 
A,.Ol'll( 


0151. 
A3 
"5,, 
INC 
UPIA 


01511 
to 
1!5S 
MOVX 
A,.OI'T", 


015t. 
A3 
1!5Q 
IN!: 
liPIII 


o 15f 
to 
c5:> 
MCVX 
A,.OI'T" 


o 1I>U A3 
1!51> 
Hi!: 
uPIR 


0161 
t.0 
,,51 
MOVX 
A, ••OI'T", 


011." 
A3 
eSIl 
lNC 
IIPIR 


010S 
~O 
,,5~ 
MOYX 
A,.C"l" 


01"" 
A3 
,,61i 
INC 
uPlll 


Ou.~ t.0 
co1 
r UTY: 
MOYX 
A, ••O"l" 


0160 
A3 
.:bc 
!NI. 
IJPIA 


"'\,S-51 ~,A\,RU AS:>Ep'P\.E. 
Cl<l.SI'I 


LI.C 
UPJ 
\.ll1c 
:>OuRI.E 


Ollll 
t.0 
e~J 
MOIlX 
A,.el'll< 


Olllll A! 
ell'l 
1111. 
uFI~ 


011l'1 t.0 
e6~ 
MCIIX 
A,.Cl'll< 


016A 
A~ 
e6b 
IN\, 
"PI~ 


011>0 
\.0 
c67 
MOIlX 
A,.el'll< 


0161. 
A! 
e61> 
1/(' 
"FI~ 


OIMI 
t.0 
c6'1 
MCIIX 
A,.Ol'll< 


016t. 
A! 
e7V 
INC 
UP,R 


0161- 
t.0 
e71 
MOIlX 
A,.Cl'll< 


Ol1u 
A3 
CU 
INC 
liPIQ 


0111 
cO 
e7~ 
MOIlX 
A,.el'll< 


Ol1c 
.3 
e7 •• 
11\1. 
uPIR 


011~ 
t.0 
':75 
HCIIX 
A,.el'll< 


01'" 
A! 
e71> 
INC 
UPIR 


017~ 
t.0 
e71 
HDIIX 
A,.Ol'll< 


017D 
.3 
<l7d 
11'11. 
UPIR 


Ol1i 
cO 
e7'i 
MOIlX 
A,.Ol'll< 


01111 
A3 
c81l 
INC 
uPIA 


0179 
t.0 
e81 
~IAlY 
I 
MOIlX 
A,aOl'll< 


OI1A 
A3 
c8e 
INC 
UPIR 


0111l 
':'0 
<l8J 
HOYX 
A,aCl'l" 


0111. 
A3 
<18'1 
INC 
llPIR 


017U 
t.0 
CP~ 
HOIlX 
A,.Ol'll< 


017t. 
A3 
c8D 
INI. 
llPTA 


017F 
EO 
e87 
HOIlX 
.,aOl'l" 


018v 
A3 
c811 
INC 
uPTA 


0181 
t.0 
c8'i 
HOIlX 
.,.Ol'l" 


018e 
A3 
e9V 
INC 
UPIA 


018J 
t.0 
c91 
HOVX 
.,.01'1" 


018 •• A3 
"9,, 
INC 
IlPIR 


0185 
t.0 
,,9J 
MOH 
.,.01'11< 


0181> 
A3 
c9 •• 
I1\C 
~PIA 


0181 
t.0 
c95 
MOYX 
.,aOl'lIC 


011111 A3 
c91> 
INC 
UPIR 


0189 
1::0 
c91 
MOIlX 
A, ••CPll< 


OleA 
A3 
e91> 
INC 
~PIA 


0181l 
t.0 
c9'i 
HOIlX 
A, ••Ol'll< 


0181. 
A3 
JOIl 
INL 
I>PTA 


01811 
t.0 
JOI 
:iEvNTY I HOVX 
., ••Ol'l" 


Diet. 
A3 
JOi! 
INC 
IlPIA 


018F 
t.O 
JOJ 
MOVX 
.,.Ol'll< 


019u 
A3 
JO •• 
INL 
UFTR 


0191 
100 
JO~ 
HeVX 
., ••01'11< 


019<: 
A3 
JOb 
INC 
L1PlR 


019~ 
t.O 
JOt 
HOIlX 
., ••01'11< 


0194 
A3 
JOIl 
INC 
L1PIR 


0195 
t.0 
J09 
"'OIlX 
A,.Ol'll< 


019b 
.3 
JIU 
INC 
uPIR 


0191 
t.0 
Jl1 
HOVX 
A,.epll< 


01911 
A3 
Jlc 
INC 
L1PIR 


0199 
t.0 
JIj 
HOIlX 
A, ••Cl'll< 


019A 
A3 
Jl'1 
INC 
IIPIR 


019b 
t.0 
Jl~ 
MCIIX 
A,.el'll< 


019(; 
A3 
Jib 
INC 
UPI~ 


019L/ H 
Jlt 
MCIIX 
A,.el'll< 


IolL.S-51/'IAL.IlUAS~E"HLE" 
ern AS~, 


lue 
uBJ 
L~~t 
~oUIlL.E 


OIClt 
A3 
.51~ 
iNL. 
u~H 


OIClF to 
.il~ 
l.oVX 
A,~C,.T" 


OlAv 
43 
J2u 
H'L. 
uP /I; 


OIAI 
eO 
.521 
UbtiTT: 
MoVX 
A,~C~T" 


OIA~ 
A3 
JU 
It-:L. 
"PTIl 


.52j 


01AJ 
~5~3 
J2~ 
L.HtCI\, 
/'10V 
A,uP" 


01A, 
~4IFuC 
J2, 
L.Jt.E 
~,UrH,DUNt 


01AII 
l5~2 
J211 
~iOV 
A,uPI.. 


01AA 
c1auOu? 
Jil 
L.JNE 
A"O"Ot1,uO"E 


01AU 
15vOl& 
F 
j2a 
toIOV 
HASTtR,_18n 


01(1v 
lSQOuO 
F 
j29 
~,OV 
"A~lt.1l+1, $I/OM 


0111$ a 
BI/ 
"ET 
Bl 


018~ 
~5a3uO 
F 
B~ 
UOI~E , 
toIOV 
"AllaR,DI'H 


0181 
~5112uO 
F 
JD 
/'10V 
"A~1t."+l,Df'l 


01BA 
i!2 
J3~ 
HEl 
B, 


018~ 
e3 
BII 
UMADNEI 
ClM 
C 


01Be 
t5~2 
331 
MOV 
A,UPL 


018l 
~a~F 
Bel 
ADU 
A,MHO 
,ADU 
19 
TU 
~UFFtR 
PUINTtR 
01Cu 
F5~2 
J39 
MOV 
UPl.,A 
ITO 
GfT 
TU 
"EXT 
D18~LAY 
LIN~ 
01Ce: 
,OOF 
Hu 
JNC 
L.f'tCII 
'IN 
THE 
DlSFlAY 
MfMURY 
Ole •• u5113 
J~1 
INC 
Up" 


Oleo 
~OU8 
Hi! 
~JMP 
C~tel\ 
3aj 
J4~ 
Ja, 
tNu 


I~I~-II ~~S-51 ~.~R~ .S~E~BLEH 
.2.1 


C~J~Cl 
MOuULE PL.LE~ !~ .~I:K~Y~C.OgJ 


l~S~"'gL~R 
I,W"KH 
ill: 
AH51 
:FI 
:~ETBU.~H~ 


LuC 
uBJ 
UH 


! 
c: 


oS 
~~ 
I> 
1 


Cl 
'i 
IU 
II 
Ie 
1.) 


I" 
1:1 
II> 
II 
10 
l'i 
2U 
21 
2C 
23 
2 •• 
2~ 
2l> 
27 
2i1 
2'i 
3U 
31 
3e 
H 
3•• 
3~ 
3•• .1 


J**-- 
•••••••• 
_-_._._-_ 
•••• _ ••••• 
-.- ••••••• 
_-- ••••••••• 
*_a •• a •• _a •• _ •••••• 
J** 
a 
e_ •••• 
_ •• _._. 
•••• 
_ ••• 
• 
*-* __* ••• _._ •• 
_ 


IAaa_ 
__._ 


,.... 
~OtTn."E FuR R~AUI~G AN UN"ELOUEu 
•••• 


,.... 
K~YdOARU 
•••• 


Jatt. 
aae. 


J •••••• 
-.-.a.__-._._--.- 
__._---.---_ 
_._.__._*._*_e__ 
__ 
J*********************.********.************ 
••**.***~**.a._*_ 
•.• 
••• _. 
,,,,,,,,,,,,,,, 


I'UilLlC 
REAUEK 
tXTRN 
U.TA 
(LSTKtY) 


tXTRN 
dIT 
(K~YU,~AME) 
, 
,a_* __ *_aa __ ••• e. 
••• _••• __ •••• _._ •• 
••• _ ••••••• 
*_a._* 
__ ••• __ ••••• 
,. 
. 


,. 
,"Rt-AIlE" 
"teOUTlNE." 
• 
,. 
. 


J**- •••• _.a_a 
.•. 
_•••. 
_•• 
...•• 
• __ ._ ..•.•• 
********************* 
~EJELT 


M~S-51 
M."HV 
AS:;HdL.E. 
Kt.YllO 


LyC 
loB. 
Ll~e 
:;OuRL.E 


3/ 
30 
YNuEL.OuEv_~EYBu."t 
St.GI<E"T CYOt. 
H 
"St.G 
U~O~CYDeO_KeYoCARv 
4U 
41 
4•• 
OuOU 
COuO 
4.$ 
"EAOt.RI 
"USM 
I"S~ 
;PUSH 
"E~ 
US~O 
8Y 
••LMSI 


OuOe 
L.OeO 
04 
PUSM 
/lCL. 


OU04 
COlll 
4:> 
••US •• 
UH 


OuOI> L.01l3 
00 
PUS" 
UPII 


OUOo 
COuO 
4/ 
••US •• 
UOn 


OUO. 
(;OUI 
411 
I'US" 
ulll 
OuOC 
(;Oul 
4'0 
"USM 
ulH 


OuOt. COu3 
SO 
I'USM 
u3" 


OUlu 
'1010fF 
51 
MOV 
vPH,UOfFH 
,INITI.LIZE 
uPTR 
TU 
~EY8liAHo 
Se 
,AllIlHESS 


001! 
I'IUO 
S;S 
MOV 
"1,100" 
,CLR 
ZlRli CoUNTEH 


OUI~ 
1800 
F 
54 
MOV 
IIO,ILSIKEY 
,GET 
KEYIIOARU 
IIAM 1'01NTEH 


OUI7 
'/BuB 
S~ 
MOV 
H3,108h 
,INITIALIZE 
LOOP 
CUUNTEA 


OUI'f LlUO 
F 
5b 
(;LH 
IIEyO 
,INITIALIZt. 
PL"'SI 
STATUS 
81TS 
Oulll 
OluO 
F 
51 
liETS 
S.,.E 


OulU 
116ul 
511 
MOHE; 
MOv 
Oln,GlAO 
'MUll LAST 
IIEY8UAIIO 
SCAN 
10 
OeH 


au II' E4 
S'I 
CLI< 
A 


01/20 
'13 
6\1 
MOVC 
A, ••A+OPTH 
,SCAN 
~EYBliAHO 


0021 
1'4 
III 
CPL 
A 
,INUEAT 


OUi!i: 1>0uS 
6e 
JZ 
lEHQ 
,IF 
SCAN 
~AS 
ZlAU 
GO 
IhCHEMENT 
ZEAU 
COUNTEH 
0014 
IlSUU4 
63 
CJNE 
A,UlH,NTSAI'IE 
,CliMPAHE 
~ITH 
LAST 
SCAN 
IF 
NOT 
THE 
SAME 


64 
,THEN 
CLA 
SAME 
81T 
ANO 
ftHIT E 
NEil INFUAMA 
TIli" 


6~ 
,TU 
HA", 
0017 
1I0US 
61> 
liJMP 
EQUAL 
,IF 
EQUAL 
JMP 
VVEA 
INCH 
OF 
HAU 
COuNIEH 
Oul'l 
U501 
61 
lEHO' 
INC 
lilH 
,INCH 
ZEAO 
CUUNTt.A 


OulCl IlSnlO 
l>/j 
CJNE 
A,OlH,IH:lAME 


0U2t. 
US 
6'1 
UIUALI 
INC 
kO 
,STEP 
TO 
~t.XT 
:lCAN 
AAM 
LlieATION 
OulF 
uS03 
7U 
INC 
l)P" 
,Nt.XT 
IIEY80AHO 
AUOHE:lS 


Ou31 
URt.A 
71 
UJNZ 
H3,I'URE 
,IF 
LOOP 
CUUNTEA 
NuT 
0, 
SCAN 
AiOAIN 
Ou33 
lI'1uSu4 
7C 
CJNE 
kl,.08H,IIACK 
'CHECK 
TO 
SEE 
IF 
ALL 
S 
SCANS 
wHERE 
0 
003ll ulOO 
F 
7J 
SETB 
IIE'/O 
,IF 
YES 
SET 
IIEYO 
BIT 


00311 CloO 
F 
74 
ClH 
SA 1'. 
E 


OUH 
UOu3 
7::; ClACII: 
POP 
u3H 


0.u3L UOOl 
11> 
POP 
ulh 
,PUP 
REliUlEHS 


OU3t. uOUI 
71 
POP 
01" 


Ou40 
••OUo 
711 
1'01' 
0011 
Ou4c 
uOll3 
7'1 
POP 
liPh 


OU44 
••Olll 
8u 
POP 
"PL 


Ou41> 
UOEO 
81 
POP 
ACC 


0\1411 UOuO 
8e 
POI' 
I" 5 ~\ 
Ou4A a 
8.$ 
kET 
84 
OU411 1'6 
8:> 
r;TSAME: 
MOV 
"~U,A 
'IF 
~CA~ 
~AS 
NUT 
THE 
SAME 
TM~N 
PUT 
NEw 


Bo 
,SCAr. 
IMC 
I,HU 
HAM 


Ou4\. 1:2uO 
I' 
BI 
elk 
:l.",E 
;CLR. SA"'t. II IT 


Ou4t. 1l0lJE 
Bel 
~JMP 
t.tUAL 
;GU 
UO 
"URt. 


B9 
qu 
'II 
tNu 


A!.C. 
BAC" 
OPH •• 
OI'L •• 
EwUAL 
•• 
K~ YU 
L~T"EY 
•• 
"UR~ 
• 
N1SAfoIl;. 
• 
p~~. 
• 
RHuEk 
SAM~ 
• 
U~OeC~O~O_KeY~OARU 
ZtRU 
• 
• 
• 
• 
• 
• 
• 


o 
AUC" 
C 
AuCh 
a 
AUC" 
o 
AuCh 
C 
AL.Ck 
e 
AUCk 
o 
AUCk 
C 
AUCh 
C Aue •• 
C 
Autt< 
C 
Alleh 
e 
Alleh 
C S~G 
C 
AuOt< 


OVEVH 
Ov3AH 
OV8jH 
OV8~" 
Oil2EH 


OvlUH 
OU4dH 
OVOUH 
OvOUH 


R 
R 


A 
R 
PUB 
EXT 


I~I~·.I 
~~S·SI 
MA~W~ 
~S~E~B~EK 
v2.1 


ObJtCT 
~CuU~E 
P~A~tu 
!~ IfIIOtCUOt.uBJ 


A~St~bLt~ 
I~VUKtO 
~YI 
ASfSI 
IFIIUECOVE.SkC 


L\lC 
VBJ 
~U,t 


I 
e 
J~~ 
b 
I 
el 
'I 
10 
11 
Ie 
IJ 
I" 
IS 
1& 
17 
lel 
1'1 
20 
21 
U 
2J 
2'1 
2:; 
2& 
.1 


;********************************************************."", 
J**-a 
__ * 
a 
• 
.,_. 
__ • 
' •• , 
,_, 
,_, 
__ *"""" 


,a_a_ 
"" 
I.... 
~~fT~A"E 
FuR 
DtC\lDtO 
KEYbOARu 
•••• 


"", 
't" 
,*-*-,*._".,------------_._.-------, 
.._,_..,-_.----,-**._,._-- 


;*************************_.* 
•• ************************_'_'a'_' 


PUbLlC 
OtTACh 
EXTRh 
VAIA 
(LSTKtYJ 
EXIRN 
elIT 
(KBOlhTj 
, 
'*******.*.**.***~***.**••***.*******.******* ••**.***.**.* ••*****~ 
;* 
* 


,. 
!DtCuO~· 
INTERkUPT 
RUUTIKE 
F\lR DtCODtO 
KEYbOARUS 
* 


, * 
• 
s*----""-'-----_"' 
'_'__'_'__*_""""'_"'_ 
•••,_* 
_ 


*EJECT 


~,~S·51 
MACRlJ 
AS:>Ei'·BLE" 
[l~Cl.O~ 


ll.C 
lJBJ 
l!~t 
:>OlJRLE 


e/ 
co 
UELO"Eu_IIErBl.AI(C 
S~G~EIIT 
ClJU~ 


i'~ 
I(StG 
OtCUO~C_II~YIICA~U 


3u 


OuOv 
COuO 
31 
uEU~H: 
I'U:>" 
I'S~ 
IPUSM 
HEbI~TtR:> 
OuOe 
COoe 
3c 
I'U~H 
lJF~ 
;UHU 
IIY F~M,I 
OuOq 
~003 
3J 
I'US" 
UP" 
OvOo 
cO~O 
3q 
I'I:S" 
ACC 


OUOll 
'10dOH 
3~ 
MeV 
liPl_,AIIOfFM 
,AUOI(E:iS 
Fl.R lit.YIIOMiU 
OUOo 
~a 
311 
ell( 
A 


OuOC 
'13 
3/ 
MOVC 
A, •.A.OI'TI( 
IPUCH 
A SC 1 I 
BYT~ 
OuOU 
r5uO 
F 
311 
MOV 
LSIIlt.Y.I,A 
IHUV 
TU 
~E~,OI(Y 
TU 
liE Rt.AU 
IIY PL"'~I 
OuOP 
U2vO 
F 
H 
HTB 
IIBulr.T 
IltT 
PLM,I 
1I1~0" IHt.Rt. IS 
A 
BTH 
OUII 
750CfF 
qU 
MOIi 
nU,lJOrFH 
ISlT 
C(;U~TtR 
Tv 
rFFFH 
:'0 INTt.RHUPT 
Ovl~ 
/50ArF 
a 1 
MOV 
TLU,AOrFH 
ION 
THl 
lInT 
FALLlr.G 
EliGt 
UF 
TU 
Oul7 
uO~O 
Uc 
1'01' 
Ace 


OuI9 
LlO03 
aJ 
1'01' 
UPM 
IPUP 
RtGlS1EHS 
Oulll 
U002 
qU 
POP 
UPl 
OUI(; 
uOuO 
u, 
1'01' 
r'h 


OUIF 
J2 
Qo 
HEll 


a1 
all 
U'I 
5\1 
51 
tNU 


~ A I' E 
v 
F 
E 
V 
A 
L 
U 
E 
A 1 1 " 
I 8 
li T 
E 
5 


Ace. · . 
0 
A~Ch 
OUEUH 


o~eUOtD_KI;YaOARu 
c 
HG 
OU2uH 
Rr.l;~"II 


Ol;lACI1 
C 
Al)Ok 
OvOuH 
R 
PUB 
Sr.G;o~eUOr.O_KI;YaOARu 


OI'H. · 


0 
HOk 
Ou8'sH 
A 


DI'L. · 


0 
AI)O•• 
Ov8~H 
A 


KbOHIl 
P 
AI)O" 
EXl 


l~TKEY 
0 
HOk 
EAl 


P:'~. 
0 
Al)O" 
OUOUH 
A 


THO. 
0 
AliO" 
Oll81)H 
A 


TLO. 
0 
AliDk 
OUUM 
A 


RtGUIE" 
aANKlS) 
1.191;01 
U 


A:.Stl'IILY COMPLEIE, 
110 
EHAlJAS 
fOuNu 


I~I~·lI 
~~S·Sl 
~A~~~ 
~S~~~8Lfk 
v2.1 


OuJtC I ~,nuliLE PLA~EII 
.~ 
:~ I :nt TACti.URJ 


4.St~bL~R 
I~VuK~O 
~l: 
AS,S1 
:F1:uEIA~H.S~C 


LUC 
uBJ 
Ll~~ 


1.: 
J~~ 


b 
I 
b 
C; 
111 
11 
1.: 
is 
14 
15 
11> 
11 
111 
19 
+1 


,**************.************************** 
••• *****.****_a 
__ t**e.a_._. 
;.*. 
t.t. __a 
•••••••• 
_ •••• 
• 
._._ 
•• 
_ ••••• 
_._ 
•••••• 
_ •••••••• 
;____ 
**t_ 


,.... 
~t~TnAKE 
FuR 
A StAlAL 
OR 
OtTAC"A~Lt 
•••• 
;.... 
KEYBUAKD 
•••• 
,---- 
_._. 
,***************.* 
••• *********.***** 
••• *.*.* •••• **** •• **.-... ,.- .. -.. 
;******** 
••• *.*.****.***** 
•••• ************.****.****.* 
••• _••t._._ ... _ 


, 
I 
I 
I 
I 
I 
~EJEl,;T 


IHlS 
CU~IAl~~ 
lHt 
~OFTwAHE 
NEEuEU 
10 
PtAFO~M 
A SUFT~AAt 
~EkIAL 


PO~T 
FUR 
atRIAL 
KEYBUAHDS 
ANu 
OE1ACHABLE 
KtY~OARU. 
THI~ 
PAUGkAM 
~UST 


8E 
LINKEu 
1C 
THE 
MAI~ 
PRUGkA~S 
FUA 
U.E. 


"1,;5-51 
".l,;Hu A5~E~~LE" 
D~TAeh 


Lue 
UHJ 
L!~~ 
~DuRl,;E 


21.1 
21 
2~ 


oue~ 
2.1 
'~l'lJl 
~GU 
Tv 
2 •• 
2, 
2b 
PUllUe 
D~TAeh 
n 
~XrR" 
II.1A 
(LSIK~YJ 
211 
t.xfRI, all 
l~I,;~~Lb,~Y~e,&,Fl~J 


2~ 
tXrR~ 
IIIT 
(KllDll-lI,t.Rt<Ot() 


31.1 
31 
3c! 
33 
34 
3, 
TIMEW 
1.1LCAD 
~ALUE~ 
FOt< 
III~FtRt.NT 
8AUD 
RA T&:S 


3b 
USt:D 
wITH 
UE1AC~AeLE 
KEYbOAROS 
31 
311 
3'i 
QII 
tlAUO 
STAwT 
61T 
Ot.TECT 
toIt:SUIOE DE He 
r 


Q1 
110 
IIHAc~ 
00F4:'~ 


Qc! 
1511 
OF40Ul1 
OEbOUI< 
QJ 
Q~ 
45 
Qll 


ouou 
47 
:;YARTO 
t.au 
uou~ 
'LUll 
BYTE 
FDIC 
150 
IIAuO 
OvF~ 
40 
liTART1 
Eall 
UF4~ 
,HIIOH 
IiYTE 
FUR 
150 
BAUIl 
01.101.1 
Q~ 
I'\EliSAG~O 
tau 
uou~ 
,LUw 
BYTt 
FON 
15u 
tlAUO 
OIlEo 
5U 
MEliSAGt.l 
Eau 
uEll~ 
,HIGI1 
ilYTE 
FOR 
150 
8AUIl 


51 
+1 
IEJEl;T 


OuOU 
1;0uO 
OuOc! 1;0••0 
OuOq 
clOuo13 
OU07 
cOtlqd 
OUOA 
U2uO 
OOOC 
15tlCfq 
OOOF 
15«lAuO 
001~ 
t511'l 
oOlq 
~2t2 
OOlb 
1'50'1 
OuU 
ooce 


Ou IA c!OuO10 
OulU 
c004J4 
Ou2U 
u200 
OU2c! 15uOllO 
0025 
7511Ct8 
Ou211 15llAOO 
002b 
1l0U 


OU2U 
/50Ct8 
OU3U 
7511A\l0 
Ou3) 
c!00014 
Ou3b 
t5uO 
00311 A2tl4 
Ou3A 
13 
OU3~ 
F5uO 
O\l3u '0\16 
ou3f 
U2UO 
0041 
C2t7 
OuUJ 
f5\10 
OUU5 
lIO••O 


OuU7 
uOuo 


Ou4~ 
32 


II"'.'*ttt __._. 
* 
,_, 
.,_ 
•• __ ,_. 
*.*,_*t,_"t, 
__•__,_, 
_ 


'* 
* 
;* 
·C••1AC"" 
IftltHkU~l RUUll~E 
FuR 
DtlAC"Aolt 
~EIBUAkD~ 
* 
1* 
* 
1--**-*--***-""------- 
"_' __'*' 
' 
' 
'_**t_a __ **_**_.', 
,__ 


uEIA~HABlE_KtYOOARLI 
~E~~tNr 
(DUE 
kStG 
OETACHAolr.~KEYBlIA"O 


uEIA~H: 
PUSH 
~U~" 
JB 
JB 
:;ETB 
i'40~ 
MO~ 
~,O~ 
ClW 
MOV 
5JMP 
, 
VALlul 
Je 
JB 
~ETB 
MOV 
MO~ 
MOV 
~JMP 
, 
",xlelll MOV 
MOV 
JB 
MOV 
MOV 
IIRC 
MO~ 
JNC 
SETe 
Cl" 
MOV 
Fll~II 
1'01' 
POI' 
wEll 


~h 
AC\. 
WCvFLG,VAl!O 
!t.I'\. 
I , WSI 
kCvF\.G 
1I'0,.SIAkTl 
TlO,UlAwTo 
A,l~"'C 
oEc" 
I~UO, 
A 
FI~1 


~YIIC,IIXTIlII 
It.PLl,kS I 
SY~C 
L8'lKtY,*llOH 
r••o,.HSSAGE 
1 
TlO, .~IiSUIlEO 
1'1111 


IPUSH 
"EijISTtR~ 
uSIiO ey I'LM51 


,IF "ECElVt 
fLAG 
StT 
GtT 
NtX1 
IlI1 
III' 10 
IS A 1 1HtN 
NuT 
A STAWT 
BIT 
,IF TO 
18 u THr.N II 
A 
~TART 
bIT 
,SET 
TIMER 
TU 
lNIE"RUPT 
IN THE 
~IOOLt 
UF 8TA"T 
elT 


,SET 
TIMER 
CVUNTtR 
Tu 
IIMEk 
MOUE 


,GU llACK Tv ~RUGWAM 


,CHECK 
If VALIU 
~TAR1 
bIT 
HA~ 
llEEN StEN 
'IF NOT 
CMECK 
!F VALID 
8TAHT 
elT 
,IF 
YES 
SET 
HNC 
, INll 
Ln~EY 


,8ET 
TIMER 
FuR 
1 BIT 
TIME 
,AND 
GU bACK 
TU MAIN 
P"OGRAM 


,••o,.nSSAliEI 
TLO,.IIESUliE\I 
llYFIJ\,nup 
A,LS1Kr.y 
C,IM'LI 


A 
LSIKr.Y,A 
FIJ\I 
II VI' II' 
IIE1 •• 
LS1KtHl,A 
ACC 
~S. 


,SET 
TIMIiR FUR 
1 e!T 
TIME 
,CHECK 
TO SEE 
!F ALL 
8 BIT5 
HAVE 
BEEN 
"ECElVtD 
,GET 
~URKING 
RtG!81E" 
,GET 
NEXT 
llIr FRuM 
Tl 


,If NO CARkY 
THEN 
NOT 
DOllE 


,CLR 
811 
7 
,MOV 
FINAL 
CUOt 
10 LSTKY.l 


~~S·SI 
MA~RU 
ASDE~~LEK 
D~ Hen 


lue 
U~J 
L1~t 
liOuRI,;E 
,,~ 
I 


OuAA 
30,,4u5 
IOU 
:;TuP I 
IN,, 
!~~ll,tRK 
,If 
NOT 
1 
lHtN 
NuT 
A 
VAllO 
STOP 
diT 
OvAU 
u2vO 
F 
101 
liEU 
IIBuIhT 
ITtlL 
Pl~ 
A 
dvrE 
l:i HEADY 
OV4f 
v2vOIIO 
F 
.Oel 
JMP 
KST 
,AND 
GO 
dAI,;K Tu 
MAIN 
PKO~RAM 


10i 
, 


OuS~ 
iJ2vO 
F 
10~ 
tRKI 
liETB 
t~KC" 
OIlS~ (;2uO 
F 
10~ 
kS II 
ClR 
nevfLG 
,CLEAR 
FLA~S 
OIlSo 1,;2110 
F 
100 
Cll( 
liYhC 
OuSo 
C2uO 
F 
101 
i,;li< 
"v. I~ 
OuSA 
t5,," 
100 
MOv 
A, l~uO 
OIl5C uh2 
10~ 
liEre 
uEc~ 
,StT 
TIMtR 
0 
TU 
i,;OUNIEK MOuE 
OuSt 
>5"" 
IIU 
MOv 
lhC,A 
01/60 lSdCtF 
111 
MOV 
r~u,.O.fM 
,StT 
CUUhTtR 
TU 
fFfFH 
:i0 INTtRi<UPT 
Ov6j 
15dAf'F 
lie 
MOv 
Ilu,.OfFH 
,ON 
hEXT 
FAl~ING 
EUGt 
UF 
Tv 
OV60 
dOuD 
Iii 
liJMP 
1'11\1 
1I~ 
1I~ 
110 
111 
I~ 


....• 
110 
tNU 


<;> 
~ 
....•~ 
0 


Ace 
8TF1~ 
• 
Ot.TAeri •• 
Ot.TAeHAgLL_~ET8uA~C 
ErcR 
• 
• 
EMlluR 
• 
Fl~l ••• 
II,PuT 
•• 
Ktl01NT 
•• 
L;iTI\ET •• 
"'t.SliAbEII. 
"'tS:JAbEl. 
~ATtlIT 
•• 
PliW 
• 
• 
• 
RCVfLG. 
R:jT 
• 
• 
• 
SUI(TII •• 
STAkT1 
•• 
STO/, •• 
SYNC 
•• 
Tu •• 
THO 
• 
H.O 
TMOIl. 
VALID 
•• 


U 
lOuR 


tI 
lOUR 


C 
lOuR 
C 
:JEll 


l. AOVII 
tI ADvR 
C 
lOUIl 
o 
lOUR 
t. 
lOliR 
U 
ACUR 
I'<l~8 
l~l~8 


C ACuR 
U 
AOuR 


tI 
ACOR 


C 
AOUR 
I'<l"'8 
j'jLf/8 
C 
AD OR 
tI 
AOOR 


II AOOR 
o 
AOIlR 


o 
ACOR 


II ADUR 
C 
AOOR 


IIOUOH 
IIOb811 
UO';>2H 


VOUOH 
A 
UOt.8H 
A 
UOeDH 
I( 
UOUOri 
A 


U05411 
Ii 
UOOOH 
A 


00f4H 
A 
OOIiAH 
H 


11011011.11A 
II 08CH 
A 
1I0/lAH 
A 
008'111 
A 


110 LA 11 
H 


:.EyavEIACHA8lE_KtYtlOARU 
I<ELaUNIT 
liEbaUE1ACHA8LE_K~YdOARO 


APPENDIX 
B 
REFERENCES 


1. John Murray and George Alexy, CRT Termirwl Design 
Using The Intel 8275 and 8279, 
Intel Application 
Note 
AP-32, 
Nov., 
1977. 
2. John Katausky, 
A Low Cost CRT Terminal Using The 


8275, 
Intel Application 
Note AP-62, 
Nov., 
1979. 


MCS®,51 Article Reprint 
11 


c:xrenslve flU sUDsysrems ana a tal/orea instruction 
set allow a 16-bit 
microcontroller 
to set its sights on a widening 
range of industrial 
and 
computer 
(and telecomm 
and consumer) 
applications. 


Controller chip takes on many 
industrial, computer uses 


With industrial and computer control applications 
increasing 
all the time-and 
telecommunications 
and consumer applications emerging-designers 
in- 


creasingly need microcontrollers whose performance 
extends 
beyond 
that 
of 
the 
conventional 
8-bit 
architectures. 
Normally, 
control system designers 
must depend on expensive and complex multiple-chip 
microprocessors 
to achieve high performance. 
But 
now, a 16-bit single-chip controller 
offers a much 


better solution. Not only does the 8096 offer perhaps 
the most extensive input/output 
"services" of any 
microcontroller, 
it also provides an instruction 
set 
and addressing 
modes tuned for both fast control 
operations 
and high-speed arithmetic. 
In industrial applications, the 8096can be used for 
process control, robotics, numerical and motor con- 
trol, and instrumentation. 
Figure 1 shows the chip 
in a typical closed-loop servo system of the type used 
in industrial 
applications. In computer applications 
performance 
is the key feature, 
and here the 8096 


provides greater 
throughput 
in systems 
in which 


simple data structures-a 
single I/O bit-and 
rela- 


tively small memories are required. Typical applica- 
tions are computer 
peripherals 
such as printers, 
plotters, Winchesters, 
and other hard-disk systems. 
In the consumer end, moreover, the 8096 is ideally 
suited for automotive engine and other controls (see 
"Stopping 
a Car") and sophisticated 
video games. 
Both applications need the speed, calculating power, 
and addressability 
of a 16-bit microcomputer. 
For 


telecommunications, 
the controller 
is intended for 


high-speed 
modems, 
PABXs, 
and 
central 
office 
switching 
systems. 
In addition to the full 16-bit CPU, the 8096's basic 
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Steve 
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Engineer 
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architecture 
includes an 8-kbyte ROM and a 232-byte 


RAM, which serves as a register 
file. To meet the 
wide needs of controller 
environments, 
the chip 
contains 
an eight-channel, 
lO-bit analog-to-digital 
converter, a full-duplex UART (universal asynchro- 
nous receiver-transmitter), 
two 16-bit timers, and a 
programmable 
pulse-width-modulated 
output. 


Since a microcontroller 
must be able to interface 
with various types of transducers 
and sensors, the 
8096 features built-in, extensive I/O facilities. These 
include an eight-level priority 
interrupt 
structure, 
full-duplex 
serial 
I/O, 
parallel 
I/O, 
a watchdog 
timer, analog inputs for the a-d converter, a pulse- 
width modulated output and a high-resolution 
pulse 
output. Each of these facilities is integrated 
not only 
physically but logically into the chip's structure 
by 
being tightly coupled to the CPU. 
The inherently high performance of a CPU suffers 


if the controller spends too much time administering 
complex real-time 
I/O operations. 
The 8096's on- 
board I/O facilities solve this problem by permitting 
the 
CPU 
to 
devote 
more 
time 
to 
executing 
mathematics 
and control algorithms and less on I/O, 


Table 1. Memory 
allocations 
of the 8096 


0000-0017 


oo11HJ019 


001A-OOFF 


01DO-1FFD 


1FFE-1FFF 


2ooD-2ooF 


201D-207F 


208D-3FFF 


4OOO-I'FFF 


On-chip 1/0 


Data register/stack 
pointer 


Data registers (230 bytes) 


Off-chip expansion RAM/ROM/I/O 


On-chip I/O 


Internal ROM interrupt 
vectors 


Reserved 


Internal ROM user program space 


Off-chlp expansion RAM/ROMIl/O 


The 
instruction 
set handles 
signed 
and 
unsigned 


16-bit multiplications 
and divisions. 
Both 8-bit bytes 
arid -16-bit double 
words 
are supported, 
and even 32- 


bit double 
words 
are 
supported 
for a subset 
of the 
main 
instruction 
set. 
A full 
64 kbytes 
of memory 
address 
space 
is usable. 


A flexible 
register 
structure 


The 
8096 
instruction 
set 
directly 
supports 
256 
bytes 
of registers, 
which 
can 
be referenced 
as 128- 


word registers 
or as 64 double-word 
registers. 
These 
registers 
also 
appear-for 
memory 
reference 
in- 


structions-as 
the 
first 
256 bytes 
of the 
64-kbyte 


RAM address 
space. 
This 
permits, 
for example, 
the 


use 
of a portion 
of the 
register 
space 
as the 
sub- 


routine 
stack 
on smaller 
systems 
that 
do not 
have 
external 
expansion 
memory 
(Table 
1). 


The 
first 
24 
bytes 
of 
this 
register 
space 
are 
reserved 
for on-chip 
I/O addresses. 
I/O locations 
are 


memory-mapped 
and 
can 
be referenced 
directly 
as 
registers. 
The word 
register 
located 
at address 
18H 
serves 
as 
the 
stack 
pointer. 
Such 
a large 
register 
space 
allows 
a programmer 
to keep 
his 
most 
fre- 
quently 
referenced 
scalar 
variables 
in 
registers. 


Table 2. Address 
modes 
of the 8096 


N-. 
TlIM 
(loa)' 
nm. 
(pa)" 
WrItten 
twm 
Action 
takan 


Direct 
0 
N.A. 
ADD 
B,A 
(B) <= 
(B) + (Al 


Immediate 
0.2 (word) 
N.A. 
ADDB 
B,#A 
(B) <= 
(B) + A 


Immediate 
o (byte) 
N.A. 
ADD 
B,#A 
(B) <= 
(B) + A 


Indirect 
0.4 
1.4 
ADD 
B,(A) 
(B) <= 
(B) + «A)) 


Autoincrement 
0.6 
1.6 
ADD 
B,(A)+ 
(B) <= 
(B) + «(A));(A) <= 
(A) 


+ <length of A> 


Short indexed 
0.4 
1.4 
ADD 
B,C[A] 
(B) <= 
(B) + «A) + C); where 


-128<C<127 


Short indexed 
0.6 
1.8 
ST 
C[A],B 
((A) + C) <= (B) ST, Pop only 


Long indexed 
0.6 
1.6 
ADD 
B[A],C 
(B) <= 
(B) + ((A) + C) 


Long indexed 
0.8 
1.8 
ST 
[A]C,B 
(Al 
+ Cl = (B) ST, Pop only 


). Addressed 
operand 
localed 
In register 
space 
2. Addressed 
operand 
located 
in ROM space 
or external 
memory-expansion 
space 
Note: ST and Pop are the only instructions 
with 
an address-moded 
destination. 


r---- 
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1. Silting at the center of a closed-loop servo system,the 8096microcontroller's 
I/Ofacililies 


interface 
with both digital and analog input signals. The 16~bltchip can handle virtually 
any 


type of computer or Industrial control-system appllcalion. 


Since the number 
of instructions 
required 
is reduced, 
fewer 
external 
memory 
references 
are needed. 
As a 
result, 
program 
execution 
is accelerated. 
The 
8096 uses 
separate 
internal 
instruction 
and 


data 
buses. 
With 
this 
architecture, 
ROM 
and 
ex- 


ternal 
memory 
references 
are 
slightly 
slower 
than 


register 
references. 
Instructions 
cannot 
be executed 
out of the internal 
RAM register 
space, 
but external- 


expansion 
RAM 
instructions 
can 
be executed. 


Both 
memory 
space 
and 
register 
space 
are 
fully 
byte-addressable. 
A I6-bit 
word 
begins 
on an even 


byte address, 
and the odd byte is the most significant 


byte 
of the 
word. 
A 32-bit 
double 
word 
begins 
on 
an even-word 
address-both 
bit 
0 and 
bit 
1 of the 
address 
are 
zeros. 
Double 
words 
are 
produced 
by 


Multiply 
Words, 
Shift, 
and 
Normalize 
il')structions 


and are used by Divide 
Words, 
Shift, 
and Normalize 


instructions. 
Double 
words 
are added 
and subtracted 


using 
Add 
with 
Carry 
and 
Subtract 
with 
Borrow 


instructions. 


In 
most 
computers, 
the 
most 
commonly 
used 


instruction 
is Move. 
Because 
of the 
many 
registers 


in the 8096, a programmer 
can get away 
with 
fewer 


Move 
instructions-it 
is 
not 
necessary 
to 
switch 


The 8096 can be very useful in 


an 
automotive 
antiskid 
braking 


system 
that 
allows 
a driver 
to 


decelerate his vehicle safely when 
one or more wheels start slipping. 
Slip conditions 
can 
be detected 


either 
by exeessive 
wheel-speed 


differential 
or 
by excessive 
ap- 


parent 
deceleration, 
or both. For 


example, 
if one wheel hits an ice 


patch 
during 
heavy braking, 
the 


rotstion 
of that 
wheel will slow 


down 
significantly, 
indicating 
a 


skid. On the other hand, normal 
tires begin to slip at or below 1 g 
of acceleration. 
If the 
apparent 


deceleration 
as measured by wheel 
speed is less than 
1 g, the wheel 
is assumed 
to be skidding. 
Both 


skid-detection 
techniques 
depend 


on measuring 
a wheel's rotational 


speed. 
Wheels are monitored 
by reluc- 


tance 
(magnetic) 
pickups, 
which 


generate 
pulse trains 
whose fre- 


quencies are proportional 
to wheel 


speed. Usually, a simple numerical 
relationship 
relates 
frequency 
to 


speed-13.3 
Hz per miles per hour 


is a typicsl 
value. 
Four 
pickup 


outputs 
are easily handled by the 


5096's high-speed 
input 
unit. 
At 


each 
transition 
of 
any 
of 
the 


pickups, the current value oftimer 
o is saved in the input FIFO. The 
programmable 
edge 
detector 
in 


the high-speed input unit provides 
a convenient 
device for handling 


the 
wide dynamic 
range 
of the 


period 
measurement. 
At 
slow 


speeds, 
the edge detector 
can be 
programmed 
to respond 
to both 
edges 
of 
the 
input 
signal; 
at 
medium speeds, to recognize only 
positive-going 
edges; and at high 
speeds, to respond 
to just one of 
eight 
positive-going 
edges. 
This 
technique 
not 
only 
extends 
the 
dynamic 
range 
of the 
measure- 
ment, but also reduces the inter- 
rupt 
overhead 
at high speeds. 
Three 
successive 
time samples 
-T •• T,. and T,-allow 
the speed 
and acceleration 
of a wheel to be 
determined 
from 
the 
following 
equations: 


V., = C/(T, - TJ 
(1) 
Vyt = C/(T, - 
T,) 
(2) 


A"" 
= (V" 
- 
V.,)I 


[0.5 (T, - TJl 
(3) 
where 
C is the reciprocsl 
of the 
proportionality 
constant (e.g., C = 
1/13.3), V"", VyP 
and 
VtY 
are 
velocities, and Au is acceleration. 


The period of the incoming fre- 
quency is in units of 1.6 /'s since 
timer 0 is incremented 
at this rate. 


If Ix represents 
the value in the 
timer 
at time x and I, the value 
at time y, then Eq. 1 and 2 are 
written 
as 
Vxy = 46992.48/(1, 
- 
IJ 
(4) 
Vyt = 46992.48/(1, - 
I,) 
(5) 


In practice, the constants 
in Eq. 
4 and 5 should be multiplied 
by a 
scaling factor to allow calculations 
to 
be 
performed 
in 
integer 
arithmetic. 
A factor 
of 100, for 
example, gives speed measured 
in 
units of 1/100 of a mile per hour. 


Then the value 46992.48 becomes 
4699246, 
which 
can 
easily 
be 


represented 
within 
32 bits, and a 


32-by-l6-division 
instruction 
is 


used to perform 
the division. 


Each wheel requires 
two such 


divisions-one 
for speed, one for 


acceleration-during 
each loop of 


the 
csleulation. 
A 
typical 
loop 


takes about 10 ms. A typical 8-bit 
microprocessor 
takes 500 to 750 p.s 


per division, 
which 
means 
eight 


such divisions would require 
4 to 


6 ms. But the 8096 does all eight 
divisions in about 50 /'s. This speed 
improvement 
translates 
into 
a 


higher-performance 
module 
in 


response 
time or adaptability. 


The watchdog timer of the 8096 


helps enhance the reliability 
of the 


braking 
module. 
At 
a 
15-MHz 


clock 
rate, 
the 
timer 
is 
in- 


cremented 
every 200 ns. During 


operation, 
the system software ex- 


ecutes diagnostics 
periodically 
to 


ensure 
that 
the overall system- 


including 
hardware 
and software 


-is 
operating 
properly. 
If 
the 


operation 
is correct, the software 


will issue commands 
to reset the 


watchdog. But if a system failure 
prevents 
a diagnostic 
from run- 


ning within 
a prescribed 
period, 


the watchdog 
timer will reset the 


entire 
system. 
The software 
can- 


not reset properly on an erroneous 
operation, 
such as a counter over- 


flow, 
except 
by writing 
to the 


watchdog 
timer 
twice within 
its 


coun ting cycle. 


operands in and out of memory locations. In addition, 
the chip's 
powerful 
three-operand 
instructions- 


Add,. Subtract, 
Multiply 
and Logical And-often 


eliminate 
them. 
Since 
programmer 
productivity 


(measured 
in lines 
of code written 
per day) 
is 


reasonably 
constant, 
writing 
fewer Move instruc- 


tions 
can lead to reduced 
development 
expense. 
Register Load and Store instructions, 
with a full set 


of addressing 
modes, handle moves that cannot be 


eliminated. 


Keeping 
addressing 
simple 


Because a study of the ways in which addressing 


is used on the 8086 microprocessor 
indicates 
that 


programmers 
use complex addressing 
modes less 


than 0.7% of the time, the 8096's instruction 
set 


bypasses those in favor of the more commonly used 
addressing 
modes. But should complex addressing 


be needed, 
programmers 
can 
build 
such 
modes 


through 
macros. 
Addressing 
modes 
in the 8096 


include direct, register-indirect, 
immediate, 
autoin- 


crement, 
and both short 
(8-bit) and long (16-bit) 
indexed-address. Table 2 lists the address modes and 
the operations 
that occur when each is activated. 
Indexed-address 
modes, by adding an 8- or 16-bit 
displacement 
to the contents of any 16-bit register 


to form the effective address of an operand, allow 
fast access to arrays 
stored anywhere 
in memory. 


Indexed modes are also useful for referencing 
ele- 
ments of based structures, 
as in the PL/M language. 


However, 
preliminary 
calculations 
are needed to 
reference 
a based array. 


The stack pointer is fully addressable, 
as are all 
other 16-bit registers. As a result, it can be the base 
register 
for moded references. 
Stack-relative 
ad- 
dressing, which is easy to program, is often used for 
recursive-subroutine 
parameter 
passing and dynam- 
ically allocated variables. While this technique does 
not make the best use of a large register 
space, it 
adds flexibility 
to the system. The stack need not 
be confined 
to internal 
RAM, but 
can 
fill any 
available RAM space in the system. The stack can 
flow across the boundary into register space at will, 
allowing recursion to very great subroutine 
depths. 


Of the instruction 
set's 71 instructions, 
25 take on 
both word and byte form, which increases the total 
to 96 instructions. 
The set includes 16 varieties 
of 
conditional jump, allowing for both signed and un- 
signed comparisons. 
All of the 2048 bits in register 
space can be tested 
individually 
by a Jump 
on 
Bit/Not 
Bit instruction. 
A Decrement 
and Jump on 
Not Zero instruction 
provides for loop control. 


2. Centered around the CPU and memory, the 8096's extensive I/O sUbsystems Include en 
analog-to-dlgltal converter, a universal asynchronous recelver-transmltter(UART), 
high-speed 


Input and output circuitry, and a pulse-width modulation output circuit. Such Intelligent I/O 
allows the CPUto concentrate not on real-time housekeeping but on high-speed arithmetic 
and control operations. 


Most of the instructions 
execute in about 0.8 !lS; 


the .longest, to normalize a zero, takes 8 !lS. All data- 
refere'nce 
instructions 
except 
Pop, 
Push, 
and 
Normalize are available in byte form, and all such 
instructions 
except Jump on Bit and Normalize are 
available in word form. Table 3 lists some typical 
8096 instructions 
and their run times. 


A survey 
of code frequency 
usage shows that 
although 
most 
multiplications 
and 
divisions 
are 
unsigned, 
a signed form is still necessary. 
When 
unsigned multiplication 
and division instructions are 
preceded by a 0.8-!ls SIGND prefix, they are con- 
verted into full two's-eomplement 
signed multiplica- 
tion and division. Either type of operation executes 
in less than 6 !lS. Word multiplications 
result in a 
double-word product, and byte multiplications 
pro- 
duce a word product. 
With an instruction 
called 
Word Divide, a double-word dividend is divided by 
a word divisor 
to produce 
a word quotient 
and 
remainders. 


Because jumps and calls are PC-relative, 
code is 


easy to relocate. Both Jump and Call instructions 
are available in a short 2-byte form with an ll-bit 
displacement. 
Jump on Bit is a 3-byte instruction 


with an 8-bit displacement. An indirect jump for the 
"do-ease" is also provided. 


In addition 
to the usual 
sign-extending 
(EXT) 


instructions 
for byte-to-word 
and word-to-double- 


word 
conversions, 
the 
set 
includes 
instructions 


LDBSA and LDBZE, which move a byte into a word 
with sign or zero extension. 
Most one- and two- 


operand forms execute in 1 !LS. Conditional jumps 
run in less than 1.8 !lS, and in about 0.8 !lS when 
the jump is not taken. 


Shifts, whether by a specific number of bit posi- 


tions or by a computed number, are provided for all 
three operand lengths (byte, word, and double word). 
In a floating-point 
software package, the mantissas 
must be aligned before they are added or subtracted, 
and the results 
normalized 
afterwards. 
Both func- 


tions require 
a software 
shift loop. 


The Normalize instruction and the computer form 


of the Shift 
Double Word instruction 
allow fast 


software implementations 
of floating-point arithme- 


tic with 
up to a 32-bit mantissa. 
Multibit 
shift 
instructions 
are very useful for scaling operations 


in scaled-integer 
arithmetic. 
Scaled-integer 
oper- 


ations 
are 
usually 
faster 
than 
floating-point 
arithmetic 
in control applications. 


In addition to an overflow flag, which is set by 
each arithmetic 
instruction, 
there is an overflow- 
trap flag. It can be checked at the end of a sequence 
of instructions to determine whether an overflow has 
occurred anywhere 
in the sequence. 


The instruction 
set is complemented 
by a variety 


of 110 subsystems 
for handling virtually 
any com- 


Table 3. Typical instruction times 


IIIIcnIMc- 
Oper- 
o-tp. 


I 
ond. 
.ncI. 
M~ 
110.- 


0.8 
0 
CLRC,SETC,DI,EI, 
Flag manipu- 
CLRVT,SIGND 
lations 


0.8 
1 
INC,DEC,CLR, 
One-operand 
NOT,NEG,SEX 
instructions 


0.8 
2' 
XOR,ADDC,SUB, 
Two-operand 
AND,ADD,SUBC 
arithmetics 


0.8 
2' 
OR,CMP 
Two-op 
arithmetics 


0.8 
2' 
LD,LDBSE,LDBZE 
Load and store 


ST 
registers 


0.8 (not 
1 
JC,JNC,ETC. 
Conditional 
jumps 
taken) 
. 


1.0 
3' 
AND,SUB,ADD 
Three-op 
arithmetics 


1.0 (not 
2 
JBS,JBC 
Jump on bill 


taken) 
. jump 
on not bit 


1.6 (taken) 
1 
JC,JNC,ETC. 
Conditional 
jumps 


1.6 
1 
SJMP,IJMP, 
Unconditional 


LJMP 
jumps 


1.6 (stack 
0 
PUSHF 
Push 
PSW 
register) 


1.6 (stack 
l' 
PUSH 
Stack 
push 
register) 


1.8 (taken) 
2 
JBS,JBC,DJNZ 
Jump on bill 


decrement 
and jump 


1.6 + 
2 
SHL,SHR,SHRA 
Shift 
instruc- 
0.2/shift 
tions 
1.8 
0 
POPF 
Pop PSW 


2.2 + 
2 
NORML 
Normalize 
0.2/shift 


2.4 
l' 
POP 
Stack 
pop 


2.4 (stack 
1 
LCALL,SCALL, 
Subroutines 
register) 
RET 


2.4 (stack 
0 
PUSHF 
Push 
PSW 
external) 


2.4 (stack 
l' 
PUSH 
Stack 
push 
external) 


2.6 (stack 
0 
POPF 
Pop 
PSW 
external) 


2.8 (stack 
l' 
POP 
Stack 
pop 
external) 


3.0 (stack 
1 
SCALL,CALL 
Subroutines 
external) 


3.2 (stack 
0 
RET 
Subroutine 


external) 
3.4 
2' 
MULB 
Byte multi- 
plication 


3.6 
2' 
DIVB 
Byte division 


3.6 
3' 
MULB 
Byte multi- 
plication 


5.2 
2' 
MUL 
Word 
multi- 
plication 


5.2 
2' 
DIV 
Word 
division 
5.4 
3' 
MUL 
Word 
multi· 
plication 


puter peripheral 
or industrial 
application 
(Fig. 2). 
They include 
an a-d converter, 
a DART, timer- 


counters, and a programmable 
pulse-width-modu- 
lated output. 


I/O resources 
Include 
s-d 


The controller contains a complete eight-channel, 


lO-bit a-d converter. Dsing successive approximation 
to achieve high speed-33.6 
/lS at a 15-MHz clock rate 


-it 
handles analog input voltages in the range of 


o to 5 V. An external reference is required and must 
be connected 
between 
the reference 
voltage 
and 


analog ground terminals. 
The converter generates a 


vectored interrupt 
when it completes a conversion 


cycle, allowing the CPD to have rapid access to the 
a-d input handler 
when operating 
in a multitask 


environment. 


Conversion 
is initiated 
by writing 
to an 8-bit 


a-d command register. 
The results of a conversion 


are read from two 8-bit output data registers. 
One 


8-bit register contains the eight most significant bits, 
and the other holds the two least significant 
bits, 


a 3-bit channel 
indicator, 
two unused bits, and a 


status 
bit. The status 
bit, which indic'ltes whether 


the a-d conversion is still in progress, 
is typically 


used in a noninterrupt-driven 
environment. 
Just 
four bits of the a-d command register 
are 


used. Three of the bits specify the channel to be 
converted, 
and the fourth specifies the method of 


initiating 
an a-d conversion cycle. For example, if 


the fourth bit is a 1, the cycle begins immediately 
after writing to the command register. 
If it is a 0, 


3. 
One half ofthe 
8096's high-speed 
I/O subsystem 
is an input 


unit, which contains a user·programmable change detector 
that delines 
input 
transitions 
lor the high-speed 
inputs. 
Each 
01 the lour 
inputs 
(HSI. 
- HSI,) can be programmed 
to respond 


to a dlflerent 
inputtransition. 


the high-speed output logic subsystem 
initiates the 
conversion. The reason for the option is that many 
data acquisition algorithms require that conversions 
occur at specific intervals. This requirement 
is often 
difficult 
to manage 
through 
software 
because of 
interrupt 
latency 
and other conditions. 
Thus, the 
high-speed 
output 
subsystem 
provides the proper 
timing for periodic a-d conversions. 


The 8096's DART is virtually a carbon copy of the 
one on the 8051 microcontroller. 
One of its 8-bit 
registers receives data, another transmits 
data, and 
another 
indicates 
the DART status 
plus 
bits to 
configure it for a specific operating mode. By setting 
the appropriate 
bits in the third, or control-status, 


register, 
a user can select one of four modes: 


• Mode 0 (shift register) is a simple, synchronous 


mode 
in 
which 
the 
8096 provides 
a 
clock 
to 


synchronize incoming or outgoing data. Mode 0 can 
also be used to expand the I/O. 


• Mode 1 is an 8-bit DART mode in which the 


eighth bit is used for parity 
when it is enabled. 


• Mode 2 is a 9-bit DART mode in which the ninth 
bit is used for parity 
when it is enabled. 


• Mode 3 is a 9-bit data/address 
mode in which 
the DART transmits 
and receives nine bits of data. 


This is useful for implementing 
a simple multipro- 
cessor intercommunications 
link in which the ninth 
bit distinguishes 
address 
from data. 


The remaining six bits of the control-status 
regis- 
ter are used for six operations: enabling the receiver 
section 
of the 
DART, 
enabling 
parity 
for both 
transmission 
and reception (even parity); storing the 


ninth 
bit 
when 
in the 9-bit transmitting 
mode; 


storing 
the ninth 
bit when in the 9-bit receiving 


mode, indicating 
that 
the receiver 
is ready. 
and 


indicating 
that 
the transmitter 
is ready. Also on 
board are a dedicated 15-bit baud-rate generator and 
a baud-rate 
clock that can be driven by either the 


8096's crystal oscillator or an input at pin T2CLK. 
This gives maximum flexibility in setting baud rates. 


The pulse-width 
modulated output can produce a 


pulse train 
of variable 
duty 
cycle, which can be 


integrated 
and 
clamped 
to provide 
an 
accurate 


digital-to-analog 
output function. The PWM circuit 


operates 
as follows: The 8096 crystal 
frequency 
is 


divided by three and clocks an 8-bit free-running 
counter. The counter output connects to one side of 
an 8-bit comparator; the other side of the comparator 
is tied to a user-addressable 
register. When the free- 
running counter value is the same as the one stored 
in the addressable 
register, 
an R-S flip-flop is set. 


The flip-flop is also reset when the counter rolls over 
from a count of 255 to O.This produces a simple yet 
accurate variable duty-cycle oscillator, which can be 
programmed 
for a variable duty cycle from 0 to 255 


in increments 
of X/256. 


The watchdog timer offers a simple way to recover 
from a software or hardware error. Essentially a 16- 
bit free-running 
counter that is clocked by the CPU 


clock generator 
circuitry, 
the timer 
is reset 
by 
writing a 01EIi followed by a OE11i to byte location 
OOOAH.If a resetting 
does not occur at least once 


every 13.107 ms, the timer will overflow, causing the 
8096to be reset-resettingreinitializes 
the 8096.This 
feature 
makes it virtually 
impossible for the 8096 


to become lost in a program 
for too long. For 


development 
purposes, 
the reset terminal 
can be 


connected to Vcc to disable the watchdog timer. 


More I/O-and 
faster 


Correlating events in real time is one of the most 
important 
considerations 
in computer-based 
control 


system 
design. 
Another 
common 
requirement 
is 


generating pulses and pulse trains to drive actuators. 
Most 
single-chip 
microcontrollers 
support 
such 


operations by having one or more timer/event 
coun- 


ters under software control. The 8096, on the other 
hand, 
offers a complete 
integrated 
subsystem 
to 


perform these functions. Called the high-speed I/O 
unit, it is intended to be an integrated 
subsystem, 
but it can be viewed as separate units for input and 
output. 


Figure 3 shows the block diagram of the high-speed 


input unit. Its major components are a 16-bit timer, 
a programmable 
change detector and a first-in, first- 


out (FIFO) memory. Also included are several regis- 
ters used by the software to control the high-speed 
input unit. 


The read-only timer is cleared by the system reset 


and incremented once every eight CPU cycles (every 
1.6 
/LS with a 15-MHz crystal). 
When the timer 


overflows-rolls 
over from FFFF Ii to OOO<\.t-astatus 


bit is set and an interrupt 
is generated. The change 


detector monitors four pins on the 8096 and looks 
for predefined changes. Change definitions are con- 
trolled by the high-speed input unit's mode register, 
which is set by the software. This register contains 
a 2-bit field for each of the four high-speed inputs. 
Using the fields, a programmer 
can select the type 


of change for each input. Fields are encoded in one 
of four ways: 


a 00 defines positive transitions 
divided by 8. 


a 01 defines positive transitions. 
a 10 defines negative transitions. 
a 11 defines positive and negative transitions. 
Each high-speed input can be disabled through a 


second control register. 
When this is done, inputs 


of the high-speed 
input unit become available 
as 
digital input pins or, if required, two of the pins can 
be connected to the high-speed output 
unit. 


As the block diagram 
in Fig. 4 shows, the 'high- 


speed output unit uses the same timer as the input 


unit and also has a 16-bit event counter. The read- 
only event counter is similar to the timer in that it 
can be read at any time, generates 
an overflow- 


interrupt 
or status indication, and cannot be written 


into. It differs from the timer, in that its reset and 
clock sources, instead of being fixed by hardware, 
can be selected under software 
control. 


Two of the 8096's pins are dedicated to the event 


counter. 
A positive-going 
pulse on ECRST (Event 


Counter Reset) clears the counter, and either edge 
of a pulse applied to ECCLK (Event Counter Clock) 
increments 
the 
counter. 
A programmer 
has the 


option of using HSIo instead 
of ECRST or HSI, 


instead of ECCLK. These options are available by 
setting the appropriate 
bits in the I/O control regis- 


ter. The event counter 
can also be cleared under 


software control either directly, by setting a bit in 
the I/O control register, or indirectly, using the high- 


Time", 


16 


4. The other hall of the high-speed I/O subsystem Isthe 
output unit. Using a content-addressable 
memory to store so- 


called time-field data, the unlfsloglc 
matches this Information 


with timer' or event-counter operations. 
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5. In the content-addressable 
memory ofthe high-speed 
output unit, 23-bltwords are broken down Into a 16-blltlme 
field and a 7-blt command field. Command-field encoding 
defines the output unit's operating mode. 
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replaced by a content-addressable 
memory in the 
Qutput unit. The memory contains a file of eight 23- 
bit registers. 
The 23 bits are divided into a 16-bit 
time field and a 7-bit command field. Control logic 
continually 
scans each location in the memory to 
determine whether its time field matches either the 
timer or the event counter as selected by one of the 
seven bits in the command field. When a match is 
found, the remaining six bits in the command field 
are executed. 


What the bits do 


The encoding of the command field bits and their 
functions are shown in Fig. 5. Four-bit channel code 
selects the output unit's operation. For example, the 
event counter can be reset or an a-d conversion can 
be initiated. If one of the high-speed output pins is 
to be changed, 
bit 5 of the command 
field will 
determine its state. For all of the high-speed output 
unit's operations, bit 4 determines whether an inter- 
rupt is generated 
upon execution of a command. 
The high-speed 
output 
unit uses two interrupt 
vectors, one for the software timers and one for all 


an I/O'status 
register to determine which of the four 
timers 
caused 
the 
interrupt. 
The ability 
of the 
command field to trigger an a-d conversion allows 
measurements 
to be made at precise moments, an 
absolute necessity in digital signal processing. Also, 
the ability to reset a count when it reaches a preset 
limit allows the simple implementation 
of a modulo- 
N 
counter. 
This 
is 
useful, 
for 
example, 
in 
a 
crankshaft 
position-sensor 
application 
that 
generates 
214 pulses per revolution. 


The eight 
locations 
in the content-addressable 
memory's file are scanned at the rate of one CPU 
cycle per location. At a 15-MHz clock rate, all eight 
locations will be scanned within l.6IJ.s. A high-speed 
output unit's command is executed as soon as it finds 
a time match. As each command is executed, it is 
removed from the content-addressable 
memory to 
make room for a new command, which is sent in from 
the input holding register. 
Because of the extensive functions built into the 
8096, a standard 
40-lead DIP is far too small; the 
8096 is 
housed 
in 
a 
68-pin 
JEDEC 
package. 


Alternatively, 
it is supplied in a 48-pin DIP.D 
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CHAPTER 12 
THE SINGLE COMPONENT 
MCS®·48 SYSTEM 


Sections 
12.1 through 
12.4 describe 
in detail 
the func- 
tional characteristics 
of the S74SH and S749H EPROM, 


S04SAH/S049AH/S050AH 
ROM, 
and 
S035AHLI 


S039AHUS040-AHL 
CPU only single component 
micro- 


computers. 
Unless 
otherwise 
noted, 
details 
within 
these 
sections 
apply to all versions. 
This chapter 
is limited 
to 


those functions 
useful 
in single-chip 
implementations 
of 
the MCS$-4S. 
Chapter 
14 discusses functions 
which allow 
expansion 
of program 
memory, 
data memory, 
and input 


output capability. 


The following 
sections 
break 
the MCS-4S 
Family 
into 


functional 
blocks and describe each in detail. The follow- 


ing description 
will use the S04SAH as the representative 
product 
for the family. 
See Figure 
14.1. 


The arithmetic 
section of the processor 
contains 
the basic 
data manipulation 
functions 
of the S04SAH 
and can be 


divided 
into the following 
blocks: 


In a typical 
operation 
data stored 
in the accumulator 
is 
combined 
in the ALU with da(a from another 
source on 
the internal 
bus (such as a register 
or 110 port) and the 


result is stored in the accumulator 
or another 
register. 


The following 
is more detailed description 
of the function 


of each block. 


The operation 
code 
(op code) 
portion 
of each program 
instruction 
is stored in the Instruction 
Decoder 
and con- 


verted 
to outputs 
which 
control 
the function 
of each of 
the blocks of the Arithmetic 
Section. 
These lines control 
the source of data and the destination 
register 
as well as 


the function 
performed 
in the ALU. 


The ALU accepts S-bit data words from one or two sources 
and generates 
an S-bit result under control of the Instruc- 
tion 
Decoder. 
The 
ALU 
can 
perform 
the 
following 
functions: 


• 
Add With or Without 
Carry 


• 
AND, 
OR, Exclusive 
OR 
• 
Increment/Decrement 


• 
Bit Complement 
• 
Rotate Left, Right 
• 
Swap Nibbles 
• 
BCD Decimal 
Adjust 


If the operation 
performed 
by the ALU results in a value 


represented 
by more than S bits (overflow 
of most sig- 
nificant 
bit), 
a Carry 
Flag is set in the Program 
Status 


Word. 


The accumulator 
is the single most important 
data register 


in the processor, 
being one of the sources of input to the 


ALU and often the destination 
of the result of operations 


performed 
in the ALU. 
Data to and from 110 ports and 


memory 
also normally 
passes through 
the accumulator. 


Resident program memory consists of 1024, 204S, or 4096 
words eight bits wide which are addressed 
by the program 


counter. 
In the S74SH and the S749H this memory 
is user 


programmable 
and 
erasable 
EPROM; 
in the 
S04SAH/ 


S049AHlS050AH 
the memory 
is ROM 
which 
is mask 


programmable 
at the factory. 
The S035AHUS039AHU 


S040AHL 
has no internal 
program 
memory 
and is used 


with external 
memory 
devices. 
Program 
code 
is com- 


pletely 
interchangeable 
among 
the various 
versions. 
To 


access the upper 2K of program 
memory 
in the S050AH, 


and other MCS-4S 
devices, 
a select memory 
bank and a 


JUMP or CALL instruction 
must be executed 
to cross the 
2K boundary. 


There are three locations 
in Program 
Memory 
of special 


importance 
as shown in Figure 
122. 


LOCATION 
0 
Activating 
the Reset line of the processor 
causes the first 


instruction 
to be fetched 
from location 
O. 


LOCATION 
3 
Activating 
the Interrupt 
input 
line of the processor 
(if 


interrupt 
is enabled) 
causes 
a jump 
to subroutine 
at lo- 


cation 3. 


LOCATION 
7 
A timer/counter 
interrupt 
resulting 
from 
timer 
counter 


overflow (if enabled) 
causes a jump to subroutine 
at loca- 


tion 7. 


Therefore, 
the first instruction 
to be executed 
after ini- 


tialization 
is stored 
in location 
0, the first word of an 


external 
interrupt 
service 
subroutine 
is stored in location 


3, and the first word of a timer/counter 
service 
routines 
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PROGRAM 
SINGLE 
MEMORY 
STEP 
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READ 
WRITE 
STROBES 


ADDRESS 
LATCH 
STROBE 
CYCLE 
CLOCK 


EXPANSION 
TO 
MORE 
ItOANO 
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REGISTER 


REGISTER 


REGISTER 


TEST 
0 
REGISTER 


TEST 
1 
REGISTER 


INT 
REGISTER 


lU0 
REGISTER 
FLAG 
0 
0 
(J 
REGISTER 
7 
lU 
FLAG 
1 
0 
&LEVEL 
STACK 
TIMER 
(VARIABLE 
LENGTH) 
FLAG 
OPTIONAL 
SECOND 
CARRY 
REGISTER 
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ACC 


ACC 
BIT 
DATA 
STORE 


TEST 


RESIDENT 
RAM 
ARRAY 


PORT 
1 
BUS 
BUFFER 
AND 
LATCH 


is stored in location 
7. Program 
memory 
can be used to 


store constants 
as well as program 
instructions. 
Instruc- 


tions such as MOVP 
and MOVP3 
allow easy access 
to 
data "lookup" 
tables.-0 


2048L:=]-LSEL 
MB1 


2047~. 
SELMBO 


1024 
1023 


LOCATION 
7- 
TIMER 
INTERRUPT 
VECTORS 
PROGRAM 
HERE 


LOCATION 
3- 
EXTERNAL 
INTERRUPT 
VECTORS 
PROGRAM 
HERE 


RESET VECTORS 
PROGRAM 
HERE 


Resident 
data memory 
is organized 
as 64, 128, or 256 by 
8-bits wide in the 8048AH, 
8049AH 
and 8050AH. 
All 


locations 
are indirectly 
addressable 
through either of two 
RAM Pointer 
Registers 
which reside at address 
0 and I 


of the register array. In addition, 
as shown in Figure 12-3, 
the first 8 locations 
(0-7) 
of the array are designated 
as 
working 
registers 
and are directly 
addressable 
by several 


instructions. 
Since 
these 
registers 
are 
more 
easily 
ad- 


dressed, 
they are usually used to store frequently 
accessed 


intermediate 
results. 
The DJNZ 
instruction 
makes 
very 
efficient 
use of the working 
registers 
as program 
loop 


counters 
by allowing 
the programmer 
to decrement 
and 


test the register 
in a single instruction. 


By executing 
a Register 
Bank 
Switch 
instruction 
(SEL 


RB) RAM locations 
24-31 
are designated 
as the working 


registers 
in place of locations 
0-7 
and are then directly 


addressable. 
This second bank of working 
registers 
may 


be used as an extension 
of the first bank or reserved 
for 


use during interrupt 
service subroutines 
allowing 
the reg- 
isters of Bank 0 used in the main program 
to be instantly 
"saved" 
by a Bank Switch. 
Note that if this second bank 


is not used, locations 24-31 are still addressable 
as general 


purpose 
RAM. 
Since the two RAM pointer 
Registers 
RO 
and R I are a part of the working 
register 
array, 
bank 
switching 
effectively 
creates 
two more pointer 
registers 
(ROland RI/) which can be used with RO and RI to easily 
access up to four separate 
working 
areas in RAM at one 


time. RAM locations 
(8-23) 
also serve a dual role in that 


they contain 
the program 
counter 
stack as explained 
in 


Section 12.1.6. These locations are addressed by the Stack 
Pointer during subroutine 
calls as well as by RAM Pointer 


Registers 
RO and R I. If the level of subroutine 
nesting is 


less than 8, all stack registers 
are not required 
and can be 


used as general 
purpose 
RAM 
locations. 
Each 
level of 
subroutine 
nesting 
not used provides 
the user with two 


additional 
RAM locations. 


63 
(127) 
«255)) 
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INDIRECTLY 
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8 
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BANK 
0 
I 
WORKING 
DIRECTLY 
REGISTERS 
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8x8 
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IN ADDITION 
RO OR R1 (RO' OR R1') 
MAY BE USED TO ADDRESS 
256 
( ) 8049AH, 
8749H, 


WORDS 
OF EXTERNAL 
RAM. 
« 
)) 8050AH 


VCC 


VCC 


HIGH 
a 
IMPEDANCE 
INTERNAL 
PULLUP 
BUS 
D 


D 
1/0 
FLIP 
PIN 
FLOP 
PORT 
1 
LOW 
AND2 
IMPEDANCE 
PULLDOWN 
CLK 
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WRITE 
PULSE 
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MAX 
SOmA 
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30mA 


10H 
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10L 


(~A) 
-200 
f?- 
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2V 


VOL 


The 8048AH 
has 27 lines which can be used for input or 


output functions. 
These lines are grouped 
as 3 ports of 8 


lines each which 
serve as either 
inputs, 
outputs 
or bidi- 


rectional 
ports and 3 "test" 
inputs which can alter pro- 


gram 
sequences 
when 
tested 
by 
conditional 
jump 


instructions. 


Ports 
I and 2 are each 
8 bits wide and have identical 


characteristics. 
Data 
written 
to these 
ports 
is statically 
latched and remains 
unchanged 
until rewritten. 
As input 


ports 
these 
lines are non-latching, 
i.e., 
inputs 
must be 


present until read by an input instruction. 
Inputs are fully 
TIL 
compatible 
and outputs will drive one standard TIL 


load. 


The lines of ports 
I and 2 are called quasi-bidirectional 


because of a special output circuit structure 
which allows 
each line to serve as an input, 
and output, 
or both even 


though outputs 
are statically 
latched. 
Figure 
12-4 shows 
the circuit 
configuration 
in detail. 
Each line is continu- 


ously 
pulled 
up to VCC through 
a resistive 
device 
of 


relatively 
high impedance. 


This pullup is sufficient 
to provide 
the source current 
for 


a TIL 
high level yet can be pulled low by a standard TIL 


gate thus allowing 
the same pin to be used for both input 


and output. 
To provide 
fast switching 
times in a "0" 
to 


•. I ., 
transition 
a relatively 
low 
impedance 
device 
is 
switched in momentarily 
(= 1/5 ofa machine cycle) when- 


ever a "I" 
is written to the line. When a "0" 
is written 


to the line a low impedance 
device 
overcomes 
the light 


pullup and provides TIL 
current sinking capability. 
Since 


the pulldown 
transistor 
is a low impedance 
device a ••I " 
must first be written to any line which is to be used as an 
input. Reset initializes 
all lines to the high impedance" 
I " 
state. 


It is important 
to note that the ORL and the ANL are read! 


write operations. 
When 
executed, 
the IJ-C "reads" 
the 


port, modifies 
the data according 
to the instruction, 
then 


"writes" 
the data back to the port. The "writing" 
(es- 


sentially an OUTL instruction) 
enables the low impedance 


pull-up momentarily 
again even if the data was unchanged 


from a "I." 
This specifically 
applies 
to configurations 
that have inputs and outputs 
mixed together 
on the same 


port. See also section 
13.7. 


Bus is also an 8-bit port which is a true bidirectional 
port 


with associated 
input and output 
strobes. 
If the bidirec- 


tional 
feature 
is not needed, 
Bus can serve 
as either 
a 


statically 
latched 
output 
port or non-latching 
input port. 


Input 
and 
output 
lines 
on this 
port 
cannot 
be 
mixed 


however. 


As a static port, data is written and latched using the OUTL 
instruction 
and inputted 
using 
the INS instruction. 
The 


INS and OUTL 
instructions 
generate 
pulses on the cor- 


responding 
RD and WR output strobe lines; however, 
in 


the static port mode 
they are generally 
not used. 
As a 


bidirectional 
port the MOVX instructions 
are used to read 


and write the port. A write to the port generates 
a pulse 


on the WR ou~ 
line and output 
data 
is valid 
at the 


trailing edge of WR. A read of the port generates 
a pulse 


on the RD output line and input data must be valid at the 
trailing edge of RD. When not being written or read, the 
BUS lines are in a high impedance 
state. See also sections 


13.6 and 13.7. 


12.1.5 Test and INT Inputs 


Three pins serve as inputs and are testable 
with the con- 


ditional 
jump 
instruction. 
These 
are TO, TI, 
and INT. 


These pins allow inputs to cause program branches without 
the necessity 
to load an input port into the accumulator. 


The TO, TI, 
and INT pins have other possible 
functions 


as well. See the pin description 
in Section 
12.2. 


12.1.6 Program Counter and Stack 


The Program Counter is an independent 
counter while the 


Program Counter Stack is implemented 
suing pairs of reg- 


isters in the Data Memory 
Array. 
Only 10, II, or 12 bits 


of the Program 
Counter 
are used 
to address 
the 
1024, 


2048, or 4096 words of on-board 
program 
memory of the 


8048AH, 
8049AH, 
or 8050AH, 
while the most significant 


bits can be used for external 
Program 
Memory 
fetches. 


See Figure 
12.5. 
The Program 
Counter 
is initialized 
to 


zero by activating 
the Reset line. 


Conventional 
Program 
Counter 
• 
Counts 
OOOH to 7FFH 
• 
Overflows 
7FFH 
to OOOH 


An interrupt or CALL to a subroutine 
causes the contents 


of the program counter to be stored in one of the 8 register 
pairs of the Program 
Counter 
Stack as shown 
in Figure 


12-6. The pair to be used is determined 
by a 3-bit Stack 


Pointer which is part of the Program 
Status Word (PSW). 
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PCS-11 
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PC4-7 
, 
PCO-3 
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Data RAM locations 
8-23 are available 
as stack registers 


and are used to store the Program 
Counter 
and 4 bits of 
PSW as shown 
in Figure 
12-6. The Stack Pointer 
when 
initialized 
to 000 points to RAM locations 
8 and 9. The 


first subroutine 
jump 
or interrupt 
results 
in the program 


counter contents 
being transferred 
to locations 
8 and 9 of 


the RAM array. The stack pointer is then incremented 
by 


one to point 
to locations 
10 and 
II 
in anticipation 
of 


another CALL. 
Nesting of subroutines 
wihtin subroutines 


can continue 
up to 8 times without overflowing 
the stack. 
If overflow 
does occur the deepest 
address 
stored (loca- 


tions 8 and 9) will be overwritten 
and lost since the stack 
pointer overflows from III 
to 000. It also underflows 
from 


000 to II I. 


The end of a subroutine, 
which 
is signalled 
by a return 


instruction 
(RET or RETR), 
causes the Stack Pointer 
to 


be decremented 
and the contents 
of the resulting 
register 


pair to be transferred 
to the Program 
Counter. 


An 8-bit status word which can be loaded to and from the 
accumulator 
exists 
called 
the 
Program 
Status 
Word 


(PSW). 
Figure 
12-7 shows 
the information 
available 
in 


the word. The Program Status Word is actually a collection 
of flip-flops throughout 
the machine 
which can be read or 
written 
as a whole. 
The ability 
to write to PSW allows 


for easy restoration 
of machine status after a power down 
sequence. 


CY 
CARRY 
AC 
AUXILIARY 
CARRY 
FO 
FLAG 0 
~S 
REGISTER 
BANK 
SELECT 


The upper 
four bits of PSW are stored 
in the Program 
Counter 
Stack with every call to subroutine 
or interrupt 
vector 
and are optionally 
restored 
upon return 
with the 
RETR 
instruction. 
The RET return 
instruction 
does not 
update PSW. 


Working 
Register 
Bank Switch Bit (BS) 


o 
Bank 0 
I = Bank 
I 


Flag 0 bit (FO) user controlled 
flag which can 
be complemented 
or cleared, 
and tested 
with 
the conditional 
jump instruction 
JFO. 


Auxiliary 
Carry 
(AC) carry bit generated 
by 


an ADD instruction 
and used by the decimal 
adjust instruction 
DA A. 


Carry (CY) carry flag which indicates 
that the 
previous 
operation 
has resulted 
in overflow 
of 
the accumulator. 


The conditional 
branch logic within the processsor 
enables 


several 
conditions 
internal 
and external 
to the processor 
to be tested by the users program. 
By using the conditional 
jump 
instruction 
the conditions 
that are listed 
in Table 
12-1 can effect a change 
in the sequence 
of the program 
execution. 


Jump Conditions 


Device 
Testable 
(Jum 
On) 


not all 


Accumulator 
All zeros 
zeros 
Accumulator 
Bit 
- 
I 


Carry Rag 
·0 
I 


User Rags 
(FO, FI) 
- 
I 
Timer Overflow 
Rag 
- 
I 
Test Inputs (TO,..!!) 
0 
I 


Interrupt 
Input (INT) 
0 
- 


An interrupt 
sequence 
is initiated 
by applying 
a low "0" 
level input to the INT pin. Interrupt 
is level triggered 
and 


active low to allow "WIRE 
ORing" 
of several 
interrupt 
sources 
at the input pin. Figure 
12-8 shows the interrupt 


logic of the 8048AH. 
The Interrupt 
line is sampled every 
instruction 
cycle 
and when 
detected 
causes 
a "call 
to 
subroutine" 
at location 
3 in program 
memory 
as soon as 
all cycles of the current 
instruction 
are complete. 
On 2- 


cycle instructions 
the interrupt 
line is sampled on the 2nd 


cycle only. INT must be held low for at least 3 'machine 
cycles 
to ensure 
proper 
interrupt 
operations. 
As in any 
CALL to subroutine, 
the Program 
Counter 
and Program 
Status word are saved in the stack. 
For a description 
of 
this operation 
see the previous 
section, 
Program 
Counter 
and Stack. 
Program 
Memory 
location 
3 usually contains 
an unconditional 
jump to an interrupt 
service 
subroutine 
elsewhere 
in program 
memory. 
The end of an interrupt 


service subroutine 
is signalled by the execution of a Return 
and Restore Status instruction 
RETR. The interrupt system 


is single 
level in that once 
an interrupt 
is detected 
all 


further interrupt requests are ignored until execution 
of an 


RETR reenables 
the interrupt 
input logic. This occurs at 


the beginning of the second cycle of the RETR instruction. 
This 
sequence 
holds 
true also for an internal 
interrupt 


generated 
by timer overflow. 
If an internal timer/counter 


generated 
interrupt 
and an external 
interrupt 
are detected 


at the same time, the external 
source will be recognized. 
See the following 
Timer/Counter 
section for a description 
of timer interrupt. 
If needed, 
a second external 
interrupt 
can be created 
by enabling 
the timer/counter 
interrupt, 
loading 
FFH 
in the 
Counter 
(ones 
less 
than 
terminal 


count), 
and enabling 
the event counter 
mode. 
A "I" 
to 
"0" 
transition on the TI input will then cause an interrupt 


vector to location 
7. 


The 
interrupt 
input 
may 
be enabled 
or disabled 
under 


Program 
Control 
using the EN I and DIS I instructions. 
Interrupts 
are disabled 
by Reset and remain 
so until en- 


abled by the users program. 
An interrupt 
request must be 


removed 
before 
the RETR 
instruction 
is executed 
upon 
return 
from the service 
routine 
otherwise 
the processor 


will re-enter 
the service 
routine 
immediately. 
Many pe- 
ripheral 
devices 
prevent 
this situation 
by resetting 
their 
interrupt 
request 
line whenever 
the processor 
accesses 
(Reads or Writes) 
the peripherals 
data buffer register. 
If 


the interrupting 
device 
does 
not require 
access 
by the 


processor, 
one output 
line of the 8048AH 
may be des- 
ignated as an "interrupt 
acknowledge" 
which is activated 


by the service 
subroutine 
to reset the interrupt 
request. 


The INT pin may also be tested using the conditional 
jump 


instruction 
IN!. This instruction 
may be used to detect the 


presence 
of a pending 
interrupt 
before 
interrupts 
are en- 
abled. 
If interrupt 
is left disabled, 
INT may be used as 
another test input like TO and Tl. 


The 8048AH contains a counter to aid the user in counting 
external events and generating 
accurate 
time delays with- 
out placing a burden on the processor 
for these functions. 


In both modes the counter operation 
is the same, the only 


difference 
being the source 
of the input to the counter. 


The timer/event 
counter 
is shown in Figure 
12-9. 


The 8-bit binary counter 
is presettable 
and readable 
with 


two MOY instructions 
which transfer 
the contents 
of the 
accumulator 
to the counter 
and vice versa. 
The counter 
content may be affected by Reset and should be initialized 
by software. 
The counter 
is stopped by a Reset or STOP 


TCNT 
instruction 
and remains 
stopped 
until started as a 


timer by a START 
T instruction 
or as an event counter 


by a START 
CNT instruction. 
Once started 
the counter 
will increment 
to this maximum 
count (FF) and overflow 


to zero continuing 
its count until stopped by a STOP TCNT 
instruction 
or Reset. 


The increment 
from maximum 
count to zero (overflow) 


results 
in the setting of an overflow 
flag flip-flop and in 


the generation 
of an interrupt 
request. 
The state of the 
overflow flag is testable with the conditional 
jump instruc- 


tion JTF. The flag is reset by executing 
a JTF or by Reset. 


The interrupt 
request 
is stored in a latch and then ORed 
with the external 
interrupt 
input INT. The timer interrupt 


may be enabled or disabled 
independently 
of external 
in- 


terrupt by the EN TCNTI 
and DIS TCNT! 
instructions. 


If enabled, 
the counter 
overflow 
will cause a subroutine 


call to location 7 where the timer or counter service routine 
may be stored. 


If timer and external 
interrupts 
occur simultaneously, 
the 
external 
source will be recognized 
and the Call will be to 


JTF 
EXECUTED 


RESET 


TIMER 
INT 
RECOGNIZED 
EXECUTED 


DISTCNTI 
EXECUTED 


RESET 


ALE 


LAST 
CYCLE 
OF INST. 


EN I 
EXECUTED 


DI.SI 
EXECUTED 
RESET 


TIMER 
OVERFLOW 
FF 


S 
Q 


TIMER 
INT 
ENABLE 


R 
Q 


D 


INT 
FF 


Q 
CLK 


S 
Q 


INT 
ENABLE 


R 


INTERRUPT 
CALL 
EXECUTED 


CLR 
EXTERNAL 


o 
Q 
INTERRUPT 


RECOGNIZED 


TIMER 
INTERRUPT 
RECOGNIZED 


S 
Q 


INTERRUPT 
IN 
PROGRESS 
FF 


RESET 


RETR 
EXECUTED 


1. WHEN 
INTERRUPT 
IN PROGRESS 
FLIP-FLOP 
IS SET 


ALL 
FURTHER 
INTERRUPTS 
ARE 
LOCKED 
OUT 
INDEPENDENT 
OF STATE 
OF EITHER 
INTERRUPT 


ENABLE 
FLIP-FLOP. 


2. WHILE 
TIMER 
INTERRUPTS 
ARE 
DISABLED 
TIMER 


OVERFLOW 
flf WILL 
NOT 
STORE 
ANY 
OVERFLOW 


THAT 
OCCURS. 
TIMER 
FLAG 
WILL BE SET, HOWEVER. 


location 
3. Since the timer interrupt 
is latched 
it will re- 
main 
pending 
until 
the external 
device 
is serviced 
and 
immediately 
be recognized 
upon return 
from the service 
routine. 
The pending 
timer interrupt 
is reset by the Call 
to location 
7 or may be removed 
by executing 
a DIS 
TCNTl 
instruction. 


Execution 
of a START 
CNT instruction 
connects 
the Tl 
input pin to the counter 
input and enables 
the counter. 


The Tl input is sampled 
at the beginning 
of state 3 or in 


later MCS-48 
devices 
in state time 4. Subsequent 
high to 


low transitions 
on TI will cause the counter to increment. 


Tl must be held low for at least I machine cycle to insure 
it won't 
be missed. 
The 
maximum 
rate 
at which 
the 


counter 
may be incremented 
is once per three instruction 


cycles (every 5.7 J.LSecwhen using an 8 MHz crystal) - 
there is no minimum 
frequency. 
Tl 
input must remain 
high for at least 1/5 machine 
cycle after each transition. 


Eexcution 
of a START T instruction 
connects 
an internal 


clock to the counter 
input and enables 
the counter. 
The 


internal clock is derived bypassing the basic machine cycle 
clock 
through 
a 
-;.32 prescaler. 
The prescaler 
is reset 
during the START 
T instruction. 
The resulting 
clock in- 


crements 
the counter 
every 
32 machine 
cycles. 
Various 


delays from I to 256 counts can be obtained 
by presetting 
the counter and detecting 
overflow. 
Times longer than 256 


counts 
may be achieved 
by accumulating 
multiple 
over- 


flows in a register 
under 
software 
control. 
For time res- 


olution less than I count an external 
clock can be applied 


to the TI 
input 
and the counter 
operated 
in the event 


counter 
mode. 
ALE divided 
by 3 or more can serve as 


this external 
clock. 
Very small delays 
or "fine 
tuning" 


of larger delays 
can be easily accomplished 
by software 


delay loops. 


Often a serial link is desirable 
in an MCS-48 family mem- 


ber. Table 
12-2 lists the timer counts 
and cycles needed 


for a specific baud rate given a crystal frequency. 


Timing generation 
for the 8048AH 
is completely 
selfcon- 


tained with the exeception 
of a frequency 
reference 
which 


can be XT AL, ceramic resonator, 
or external clock source. 


The Clock and Timing 
circuitry 
can be divided 
into the 


following 
functional 
blocks. 


The on-board 
oscillator 
is a high gain parallel 
resonant 


circuit with a frequency 
range of I to II MHz. 
The XI 


external 
pin is the input to the amplifier 
stage while X2 


is the output. 
A crystal 
or ceramic 
resonator 
connected 


between XI and X2 provides 
the feedback 
and phase shift 


required for oscillation. 
If an accurate frequency 
reference 


is not required, 
ceramic 
resonator 
may be used in place 


of the crystal. 


For accurate 
clocking, 
a crystal 
should 
be used. 
An ex- 


ternally 
generated 
clock 
may also be applied 
to XI-X2 


as the frequency 
source. 
See the data 
sheet 
for more 


information. 


Frequency 
Tcy 
TO Prr(1/5 
Tcy) 
Timer 
Prescaler 
(MHz) 
(32 Tcv) 


4 
3.75J.Ls 
750ns 
120J.LS 


6 
2.50J.LS 
500ns 
80J.LS 


8 
1.88J.LS 
375ns 
60.2J.LS 


11 
1.36J.LS 
275ns 
43.5J.LS 


Baud 
4 MHz 
6 MHz 
8 MHz 
11 MHz 


Rate 
Timer Counts 
+ 
Timer Counts 
+ 
Timer Counts 
+ 
Timer Counts 
+ 
Instr. Cycles 
Instr. Cycles 
Instr. Cycles 
Instr. Cycles 


110 
75 + 24 Cycles 
113 + 20 Cycles 
151 + 3 Cycles 
208 + 28 Cycles 


.01% Error 
.01% Error 
.01% Error 
.01% Error 


300 
27 + 24 Cycles 
41 + 21 Cycles 
55 + 13 Cycles 
76 + 18 Cycles 


.1% Error 
.03% Error 
.01% Error 
.04% Error 


1200 
6 + 30 Cycles 
10 + 13 Cycles 
12 + 27 Cycles 
19 + 4 Cycles 


.1% Error 
.1% Error 
.06% Error 
.12% Error 


1800 
4 + 20 Cycles 
6 + 30 Cycles 
9 + 7 Cycles 
12 + 24 Cycles 


.1% Error 
.1% Error 
.17% Error 
.12% Error 


2400 
3 + 15 Cycles 
5 + 6 Cycles 
6 + 24 Cycles 
9 + 18 Cycles 
.1% Error 
.4% Error 
.29% Error 
.12% Error 


4800 
1 + 23 Cycles 
2 + 19 Cycles 
3 + 14 Cycles 
4 + 25 Cycles 


1.0% Error 
.4% Error 
.74% Error 
.12% Error 


The output 
of the oscillator 
is divided 
by 3 in the State 
Counter to create a clock which defines the state times of 
the machine 
(CLK). 
CLK can be made available 
on the 


external 
pin TO by executing 
an ENTO CLK instruction. 


The output 
of CLK on TO is disabled 
by Reset 
of the 
processor. 


CLK is then divided by 5 in the Cycle Counter to provide 
a clock 
which 
defines 
a machine 
cycle 
consisting 
of 5 


machine 
states as shown 
in Figure 
12-10. 
Figure 
12-11 


shows the different 
internal operations 
as divided into the 


machine states. This clock is called Address Latch Enable 
(ALE) 
because 
of its function 
in MCS-48 
systems 
with 


external memory. 
It is provided 
continuously 
on the ALE 


output pin. 


The reset input provides 
a means for initialization 
for the 


processor. 
This Schmitt-trigger 
input has an internal pull- 


up device 
which in combination 
with an external 
1 J.L fd 


capacitor 
provides 
an internal 
reset 
pulse 
of sufficient 
length to guarantee 
all circuitry is reset, as shown in Figure 
12-12. If the reset pulse is generated 
externally 
the RESET 
pin must be held low for at least 10 milliseconds 
after the 


power supply is within tolerance. Only 5 machine 
cycles 


(6.8 
J.Ls @ II MHz) are required 
if power 
is already 
on 
and the oscillator 
has stabilized. 
ALE and PSEN 
(if EA 


= 1) are active while in Reset. 


5) Sets BUS to high impedance 
state (except 
when 
EA = 5V). 


+3 
STATE 
COUNTER 


I~~~ 
DECODE 


INC. 
PC 


STATE 
TIME: 


S2 I 
S3 I 
S4 I 
S5 
I 
Sl 
I 
S2 I 
S3 I 
S4 


(02)*'TO 


__ I 


RD, WR 
~ 
I 


half of Port 2. The user can therefore 
follow the program 


through 
each of the instruction 
steps. 
A timing diagram, 


showing 
the interaction 
between 
output 
ALE and input 


SS, is shown. 
The BUS buffer 
contents 
are lost during 


single step; however, 
a latch may be added to reestablish 
the lost va capability 
if needed. Data is valid at the leading 


edge of ALE. 


This feature, 
as pictured 
in Figure 
12-13, 
provides 
the 
user with a debug capability 
in that the processor 
can be 


stepped 
through 
the program 
one instruction 
at a time. 


While stopped, 
the address 
of the next instruction 
to be 


fetched 
is available 
concurrently 
on BUS and the lower 


."toc.. 
It..•. 
~..•. 
..•. 


CD0 
01>0 
CD»:I: 
Oii 
0 
01>0 
CD 
..•. 
» 
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:I: 
N 
5' 
!eo..c 
!l 
0":I 
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3" 
5' 
CQc 
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CQ.. 
DI3 


CYCLE 1 
CYCLE 2 


INSTRUCTION 
SI 
S2 
S3 
S4 
S5 
SI 
S2 
S3 
S4 
S5 


IN A,P 
FETCH 
INCREMENT 
- 
"INCREMENT 
- 
- 
READ 
- 
- 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
PORT 
oun P,A 
FETCH 
INCREMENT 
- 


"INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
TO PORT 


ANL P, = DATA 
FETCH 
INCREMENT 
"INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
"OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
- 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


ORL P, = DATA 
FETCH 
INCREMENT 
- 
"INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
"OUTPUT 
- 
INSTRUCTiON 
PROGRAM 
COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


INS A, BUS 
FETCH 
INCREMENT 
- 
INCREMENT 
- 
- 
READ 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
PORT 


OUTLBUS,A 
FETCH 
INCREMENT 
- 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
TO PORT 


ANL BUS, = DATA 
FETCH 
INCREMENT 
- 
"INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
"OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


ORL BUS, = DATA 
FETCH 
INCREMENT 
- 
"INCREMENT 
READ PORT 
FETCH 
- 


INCREMENT 
"OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


MOVX@R,A 
FETCH 
INCREMENT 
OUTPUT 
RAM 
INCREMENT 
OUTPUT 
- 
- 
- 
" 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
ADDRESS 
TIMER 
DATA TO RAM 


MOVXA,@R 
FETCH 
INCREMENT 
OUTPUT 
RAM 
INCREMENT 
- 
- 
READ 
- 
" - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
ADDRESS 
TIMER 
DATA 


MOVDA,PI 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
- 
- 
READ P2 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
LOWER 


MOVD P"A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
DATA 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
QPCODE/ADDRESS 
TIMER 
TO P2 LOWER 


ANLD P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA 


ORLD P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA 


J(CONDITIONAL) 
FETCH 
INCREMENT 
SAMPLE 
"INCREMENT 
- 
FETCH 
- 


UPDATE 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
CONDITION 
SAMPLE 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 


STRT T 
FETCH 
INCREMENT 
START 
STRT CNT 
INSTRUCTION 
PROGRAM 
COUNTER 
- 
- 
COUNTER 


STOP TCNT 
FETCH 
INCREMENT 
- 
- 


STOP 


INSTRUCTION 
PROGRAM 
COUNTER 
COUNTER 


ENI 
FETCH 
INCREMENT 
- 
ENABLE 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
INTERRUPT 
'VALID 
INSTRUCTION 
ADDRESSES 
ARE OUTPUT 


FETCH 
INCREMENT 
" 
DISABLE 
AT THIS TIME 
IF EXTERNAL 
PROGRAM 
MEMORY 
IS 
DIS I 
- 
- 
BEING 
ACCESSED. 
INSTRUCTION 
PROGRAM 
COUNTER 
INTERRUPT 
(1) IN LATER MCS-48 DEVICES T1 IS SAMPLED 
IN S4. 


ENTO CLK 
FETCH 
INCREMENT 
ENABLE 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
CLOCK 


...D.- 
lK 
[ 


I) The processor 
is requested 
to stop by applying 
a low 
level on SS. 


2) The processor 
responds by stopping during the address 
fetch portion of the next instruction. 
If a double cycle 
instruction 
is in progress 
when the single step com- 
mand is received, 
both cycles will be completed 
before 


stopping. 


3) The processor 
acknowledges 
it has entered the stopped 


state by raising ALE high. In this state (which can be 
maintained 
indefinitely) 
the address of the next instruc- 
tion to be fetched 
is present 
on BUS and the lower 
half of port 2. 


4) SS is then raised high to bring the processor 
out of the 


stopped mode allowing 
it to fetch the next instruction. 


The exit from stop is indicated 
by the processor 
bring- 
ing ALE low. 


5) To stop the processor 
at the next instruction 
SS must 
be brought low again soon after ALE goes low. If SS 
is left high the processor 
remains 
in a "Run" 
mode. 


A diagram 
for implementing 
the single-step 
function 
of 
the 8748H is shown in Figure 12-13. D-type flip-flop with 
preset and clear is used to generate 
SS. In the run mode 


SS is held high by keeping 
the flip- flop preset (preset has 
precedence 
over the clear 
input). 
To enter 
single 
step, 


preset is removed 
allowing 
ALE to bring SS low via the 


Clear input. ALE should be buffered 
since the clear input 


of an SN7474 
is the equivalent 
of 3 TTL 
loads. 
The 


processor 
is now in the stopped state. The next instruction 


is initiated by cloc~ 
a "I" 
into the flip-flop. This" 
I" 


will not appear on SS unless ALE is high removing 
clear 


from the flip-flop. 
In response 
to SS going high the pro- 


cessor be~s 
an instruction 
fetch which brings ALE low 


resetting 
SS through 
the clear input and causing 
the pro- 


cessor to again enter the stopped 
state. 


12.1.14 
Power Down Mode 
(8048AH, 
8049AH, 
8050AH, 
8039AHL, 
8035AHL, 
8040AHL) 


Extra circuitry 
has been added to the 8048AHJ8049AHJ 


8050AH ROM version to allow power to be removed from 
all but the data RAM array for low power standby oper- 
ation. In the power down mode the contents of data RAM 
can be maintained 
while drawing 
typically 
10% to 15% 


of normal operating 
power requirements. 


vcc serves as the 5V supply pin for the bulk of circuitry 
while the V DD pin supplies only the RAM array. In normal 
operation 
both pins are a 5V while in standby, 
Vcc is at 


ground 
and VDD is maintained 
at its standby 
value. 
Ap- 
plying 
Reset 
to the processor 
through 
the RESET 
pin 
inhibits 
any access 
to the RAM 
by the processor 
and 


guarantees 
that RAM cannot 
be inadvertently 
altered 
as 


power is removed 
from Vcc' 


A typical power down sequence 
(Figure 
12-14) occurs as 


follows: 


1) Imminent 
power supply failure is detected 
by user de- 


fined circuitry. 
Signal must be early enough 
to allow 


8048AH 
to save all necessary 
data before 
Vcc falls 


below normal operating 
limits. 


2) Power 
fail signal 
is used 
to interrupt 
processor 
and 


vector it to a power fail service routine. 


3) Power fail routine saves all important data and machine 


status 
in the internal 
data RAM 
array. 
Routine 
may 


also initiate transfer 
of backup 
supply to the VDD pin 
and indicate to external circuitry that power fail routine 
is complete. 


4) Reset is applied 
to guarantee 
data will not be altered 


as the power supply falls out of limits. 
Reset must be 


held low until Vcc is at ground 
level. 


Recovery 
from the Power 
Down mode can occur as any 


other power-on 
sequence 
with an external 
capacitor 
on 


the Reset 
input 
providing 
the necessary 
delay. 
See the 


previous 
section on Reset. 
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Figure 12-13. Single Step Operation 
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Normally 
the first IK (8048AH), 
2K (8049AH), 
or 4K 


(8050AH) 
words 
of program 
memory 
are automatically 


fetched from internal ROM or EPROM. 
The EA input pin 


however 
allows 
the user 
to effectively 
disable 
internal 


program 
memory by forcing all program 
memory 
fetches 
to reference 
external 
memory. 
The following 
chapter ex- 


plains 
how 
access 
to external 
program 
memory 
is 
accomplished. 


The External 
Access 
mode is very useful in system test 


and debug because it allows the user to disable his internal 
applications 
program 
and substitute 
an external 
program 


of his choice - 
a diagnostic 
routine 
for instance. 
In ad- 
dition, 
section 
12.4 explains 
how internal program 
mem- 


ory can be read externally, 
independent 
of the processor. 


A "I" 
level on EA initiates 
the external 
accesss 
mode. 
For proper 
operation, 
Reset should be applied 
while the 


EA input is changed. 


The 8048AH, 
8049AH, 
8050AH 
has incorporated 
a new 


SYNC 
mode. 
The 
Sync 
mode 
is provided 
to ease 
the 


design of multiple 
controller 
circuits 
by allowing 
the de- 


signer to force the device into known phase and state time. 
The SYNC mode may also be utilized 
by automatic 
test 


equipment 
(ATE) for quick, 
easy, and efficient 
synchro- 


nizing between the tester and the DUT (device under test). 


SYNC 
mode is enabled 
when 
SS' pin is raised 
to high 


voltage level of + 12 volts. To begin synchronization, 
TO 


is raised to 5 volts at least four clocks 
cycles after SS'. 


TO must be high for at least four X I clock cycles to fully 


reset the prescaler 
and time state generators. 
TO may then 


be brought 
down with the rising edge of Xl. 
Two clock 


cycles later, with the rising edge of X I, the device enters 
into Time State I, Phase 
I, SS' is then brought 
down to 


5 volts 4 clocks later after TO. RESET' 
is allowed 
to go 


high 5 tCY (75 clocks) later for normal execution 
of code. 


See Figure 
12-15. 


Along with the standard power down, the 80C438, 
8OC49, 


8OC50 has added an IDLE mode instruction 
(OIH) to give 


even 
further 
flexibility 
and power 
management. 
In the 


IDLE mode, the CPU is frozen while the oscillator, 
RAM, 


timer, 
and the interrupt 
circuitry 
remains 
fully active. 


When the IDL instruction 
(OIH) is decoded, 
the clock to 


the CPU is stopped. CPU status is preserved 
in its entirety: 


the 
Stack 
Pointer, 
Program 
Counter, 
Program 
Status 


Word, Accumulator, 
RAM, and all the registers 
maintain 


their data throughout 
idle. 


I) The ports remain in the logical state they were in when 


idle was executed. 


2) The bus remains 
in the logical 
state it was in when 


idle was executed 
if the bus was latched. 


If the bus was 
in a high Z condition 
or if external 


program 
memory 
is used the bus will remain 
in the 


float state. 


3) ALE remains 
in the inactive 
'state (low). 


4) RD', WR', 
PROG', 
and PSEN' remains in the inactive 
state (high). 


5) TO outputs clock if enabled. 


There are three ways of exiting 
idle. Activating 
any en- 
abled interrupt 
(external 
or timer) will cause the CPU to 
vector 
to the appropriate 
interrupt 
routine. 
Following 
a 


RETR instruction, 
program 
execution 
will resume 
at the 


instruction 
following 
the address 
that contained 
the IDL 


instruction. 


The FO and FI flags may be used to give an indication 
if 


the interrupt 
occurred 
during 
normal 
program 
execution 


or during idle. This is done by setting or clearing the flags 
before going into idle. The interrupt 
service 
routine 
can 


examine 
the flags and act accordingly 
when idle is ter- 


minated 
by an interrupt. 


Resetting 
the device 
can also terminate 
idle. 
Since 
the 
oscillator 
is already 
running, 
five machine 
cycles are all 


that is requi~ed to insure proper machine 
operation. 
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OV 


SV 
TO OV-------- 
SV 


RESET 


SINGLE 
STEP 


EXTERNAL 
MEM 


TEST 
{ 


INTERRUPT 


The MCS-48 
processors 
are packaged 
in 40 pin Dual In- 
Line Packages 
(DIP's). 
Table 
12-3 is a summary 
of the 


functions 
of each pin. Figure 
12-16 is the logic symbol 


for the 8048AH 
product family. 
Where it exists, 
the sec- 


ond paragraph 
describes 
each 
pin's 
function 
in an ex- 


panded MCS-48 system. 
Unless otherwise 
specified, 
each 
input is TTL compatible 
and each output 
will drive one 


standard TTL load. 


8048AH 
8049AH 
8050AH 
READ 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


P10-P17 
(Port 
I) 


P20-P27 
(Port 
2) 


DO-D7 
(BUS) 


Pin 
Number" 


21 24 
35 38 


Circuit 
GND 
potential 


Programming 
power supply; 21V during program 
for the 8748H18749H; 
+ SV during 


operation 
for both 
ROM 
and EPROM. 
Low 
power 
standby 
pin in 8048AH 
and 


8049AHl80S0AH 
ROM versions. 


Main 
power 
supply; 
+5Y during 
operation 
and during 
8748H 
and 
8749H 
pro- 
gramming. 


Program 
pulse; + 18Y input pin during 
8748H /8749H 
programming. 
Output 
strobe 
for 8243 I/O expander. 


8-bit quasi-bidirectional 
port. 
(Internal 
Pullup = SOKfl) 


P20-P23 
contain 
the four high order 
program 
counter 
bits during 
an external 
pro- 
gram 
memory 
fetch and serve as a 4-bit I/O expander 
bus for 8243. 


True bidirectional 
port which can be written 
or read synchronously 
using the RD. 
WR strobes. 
The port can also be statically 
latched. 


Contains 
the 8 low' order 
program 
counter 
bits during 
an external 
program 
mem- 
ory fetch, and receives the addressed 
instruction 
under the control 
of PSE 
. Also 
contains 
the address 
and data 
during 
an external 
RAM 
data 
store 
instruction, 


under 
control 
of ALE, 
RD, and WR. 


Input 
pin testable 
using the conditional 
transfer 
instructions 
JTO and J NTO. TO 
can be designated 
as a clock output 
using ENTO 
CLK instruction. 
TO is also used 
during 
programming 
and sync mode. 


Input 
pin testable 
using the JTI, 
and JNTI 
instructions. 
Can 
be designated 
the 
event counter 
input 
using the STRT 
CNT 
instruction. 
(See Section 
2.1.10) 


Interrupl 
input. 
Initiates 
an interrupt 
if interrupt 
is'enabled. 
Interrupt 
is disabled 
after a reset. (Active 
low) 


Interrupt 
must remain 
low for at least 3 machine 
cycles to ensure 
proper 
operation. 


Output 
strobe 
activated 
during 
a BUS read. Can be used to enable 
data onto the 
BUS from an external 
device. 
(Active 
low) 


Used as a Read Strobe 
to External 
Data 
Memory. 


Input which is used to initialize the processor. 
Also used during EPROM programming 
and verification. 
(Active 
low) (Internal 
pullup = 80K 11) 


Output 
strobe 
during 
a BUS write. (Active 
low) Used as write strobe 
to external 
data 
memory. 


Address 
Latch 
Enable. 
This signal occurs 
once during 
each cycle and i, useful as 
a clock output. 


The negative edge of A LE strobes 
address 
into external 
data and program 
memory. 


Pin 


Designation 
Number> 
Function 


-- 
Program 
Store 
Enable. 
This output 
occurs only during 
a fetch to external 
program 
PSEN 
9 
memory. 
(Active 
low) 
- 
5 
Single step input can be used in conjunction 
with ALE to "single step" the processor 
SS 


through 
each instruction. 
(Active 
low) (Internal 
pullup = 300Kfl) 
+12V for sync 


modes (See 2.1.16) 


EA 
7 
External 
Access 
input 
which 
forces all program 
memory 
fetches 
to reference 
ex- 


ternal 
memory. 
Useful for emulation 
and debug. 
and essential 
for testing and pro- 
gram 
verification. 
(Active 
high) 
+12V for 8048AH/8049AH/8050AH 
program 
verification 
and +18V for 8748H/8749H 
program 
verification 
(Internal 
pullup = 


10Mfl on 8048AH/8049AH/8035AHL/8039AHL/8050AH/8040AHL) 


XTALI 
2 
One side of crystal 
input 
for internal 
oscillator. 
Also input 
for external 
source. 


XTAL2 
3 
Other 
side of crystal/external 
source 
input. 


12.3 
PROGRAMMING, 
VERIFYING 
AND 
ERASING 
EPROM 
8748H AND 8749H 
ERASURE 
CHARACTERISTICS 


The 
internal 
Program 
Memory 
of the 
8748H 
and 
the 


8749H 
may be erased 
and reprogrammed 
by the user as 
explained 
in the following 
sections. 
See also the 8748H 


and 8749H data sheets. 


The erasure 
characteristics 
of the 8748H 
and 8749H 
are 
such that erasure 
begins 
to occur when exposed 
to light 


with wavelengths 
shorter than approximately 
4000 Angs- 
troms 
(A). 
It should 
be noted 
that sunlight 
and certain 


types 
of 
fluorescent 
lamps 
have 
wavelengths 
in 
the 


3D00-4000A 
range. 
Data show that constant 
exposure 
to 


room 
level 
fluorescent 
lighting 
could 
erase 
the typical 
8748H and 8749H in approximately 
3 years while it would 


take approximately 
I week to cause erasure when exposed 
to direct sunlight. 
If the 8748H or 8749H is to be exposed 


to these types of lighting conditions 
for extended 
periods 


of time, opaque 
labels should be placed over the 8748H 
window to prevent 
unintentional 
erasure. 


In brief, the programming 
process 
consists 
of: activating 
the program 
mode, 
applying 
an address, 
latching 
the ad- 
dress, applying 
data, and applying 
a programming 
pulse. 
This programming 
algorithm 
applies 
to both the 8748H 


and 8749H. 
Each word is programmed 
completely 
before 


moving 
on to the next and is followed 
by a verification 


step. The following 
is a list of the pins used for program- 


ming and a descsription 
of their functions: 


Pin 
XTAL I 
Reset 
Test 0 


EA 
BUS 


P20-1 
P20-2 
Voo 
PROG 
Plo-PH 


Function 
Clock Input (3 to 4 MHz) 
Initialization 
and Address 
Latching 


Selection 
of Program 
(OV) or Verify 


(5V) Mode 
Activation 
of Program/Verify 
Modes 
Address 
and Data Input Data Output 


During 
Verify 
Address 
Input for 8748H 


Address 
Input for 8749H 


Programming 
Power 
Supply 
Program 
Pulse Input 


Tied to ground 
(8749H only) 


When erased, bits of the 8748H and 8749H Program Mem- 
ory are in the logic "0" 
state. 


The recommended 
erasure 
procedure 
for the 8748H 
and 
8749H 
is exposure 
to shortwave 
ultraviolet 
light which 
has a wavelength 
of 2537 Angstroms 
(A). The integrated 


dose 
(i.e., 
UV intensity 
X exposure 
time) 
for erasure 


should be a minimum 
of 15W-sec/cm2. 
The erasure 
time 


with this dosage is approximately 
15 to 20 minutes 
using 


an ultraviolet 
lamp with a 12000/LW/cm2 
power 
rating. 


The 8748H and 8749H should be placed within one inch 
from the lamp tubes during erasure. 
Some lamps have a 


filter in their tubes and this filter should be removed before 
erasure. 


18V 
/ 


EA 
5V 
~ 


lAW 


DBO-DB7J-- 
__ 
-{NEXT 
ADDRX: 


VALID 


+21------------- 


YDD +5------------- 


__I 


'TO, 


RESET 
\ 
/ 
\_------/ 


ADDRESS 
(0-7) VALID 
DBO-DB7 ==>- -- -< 
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CHAPTER 13 
EXPANDED MCS®-48 SYSTEM 


If the capabilities 
resident 
on the single-chip 
8048AHI 


8748H18035AHU8049AH/8749H/8039AHL 
are not suf- 
ficient for your system requirements, 
special on-board cir- 


cuitry 
allows 
the addition 
of a wide variety 
of external 


memory, 
110, or special peripherals 
you may require. The 
processors 
can be directly 
and simply 
expanded 
in the 
following 
areas: 


• 
Program 
Memory 
to 4K words 


• 
Data 
Memory 
to 320 
words 
(384 
words 
with 


8049AH) 


• 
110 by unlimited 
amount 


• 
Special Functions 
using 8080/808SAH 
peripherals 


By using bank switching 
techniques, 
maximum 
capability 


is essentially 
unlimited. 
Bank switching 
is discussed 
later 


in the chapter. 
Expansion 
is accomplished 
in two ways: 


I) Expander 
110 - 
A special 
110 Expander 
circuit, 
the 
8243, 
provides 
for the addition 
of four 4-bit 
Input! 


Output ports with the sacrifice of only the lower half 
(4-bits) of port 2 for inter-device 
communication. 
Mul- 


tiple 8243's 
may be added 
to this 4-bit bus by gen- 


erating the required 
"chip 
select" 
lines. 


2) Standard 
8085 
Bus 
- 
One 
port 
of 
the 
8048AH/ 


8049AH 
is like the 8-bit bidirectional 
data bus of the 


8085 microcomputer 
system allowing 
interface 
to the 
numerous 
standard 
memories 
and peripherals 
of the 


MCS<IP-80/8S microcomputer 
family. 


MCS-48 
systems 
can be configured 
using either or both 


of these expansion 
features to optimize system capabilities 
to the application. 


Both expander 
devices 
and standard 
memories 
and pe- 


ripherals 
can be added in virtually 
any number 
and com- 
bination 
required. 


Program 
Memory 
is expanded 
beyond the resident 
IK or 


2K words by using the 8085 BUS feature of the MCS<IP- 
48. All program 
memory 
fetches from the addresses 
less 


than 
1024 on the 8048AH 
and less than 
2048 
on the 


8049AH 
occur 
internally 
with no external 
signals 
being 
generated 
(except 
ALE which is always present). 
At ad- 
dress 
1024 on the 8048AH, 
the processor 
automatically 


initiates external 
program 
memory 
fetches. 


As shown in Figure 
13-1, for all instruction 
fetches from 


addresses 
of 1024 (2048) 
or greater, 
the following 
will 


occur: 


I) The contents 
of the 
12-bit program 
counter 
will be 


output on BUS and the lower half of port 2. 


2) Address 
Latch Enable 
(ALE) will indicate 
the time at 


which 
address 
is valid. 
The trailing 
edge of ALE is 


used to latch the address 
externally. 


3) Program 
Store Enable (PSEN) indicates 
that an exter- 
nal instruction 
fetch is in progress and serves to enable 


the external 
memory 
device. 


4) BUS reverts to input (floating) 
mode and the processor 


accepts its 8-bit contents 
as an instruction 
word. 


FLOATING 


BUS ~FLOATINGX:=:;:=X 
FLOATING 


ADDRESS 
INSTRUCTION 


Figure 13-1. Instruction 
Fetch from 
External 
Program 
Memory 


All instruction fetches, including internal addresses, 
can be 


forced to be external by activating the EA pin of the 8048AH! 
8049AH!80S0AH. 
The 803SAHU8039AHU8040AHL 
pro- 


cessors without program memory always operate in the ex- 
ternal program memory mode (EA = SV). 


13.1.2 
Extended 
Program 
Memory 
Addressing 
(Beyond 
2K) 


For programs 
of 2K words or less, the 8048AH/8049AH 


addresses 
program 
memory 
in the conventional 
manner. 


Addresses' 
beyond 
2047 can be reached 
by executing 
a 


program memory bank switch instruction 
(SEL MBO, SEL 


MBI) 
followed 
by a branch 
instruction 
(JMP or CALL). 


The bank switch feature extends 
the range of branch in- 


structions 
beyond their normal 
2K range and at the same 


time prevents 
the user from inadvertently 
crossing 
the 2K 


boundary. 


The switching 
of 2K program 
memory 
banks is accom- 


plished by directly setting or resetting the most significant 
bit of the program 
counter 
(bit II); 
see Figure 
13-2. Bit 


II is not altered by normal 
incrementing 
of the program 


counter 
but is loaded with the contents 
of a special 
flip- 


flop each time a JMP or CALL 
instruction 
is executed. 


This 
special 
flip-flop 
is set by executing 
an SEL MB I 


instruction 
and reset by SEL MBO. Therefore, 
the SEL 


MB instruction 
may be executed 
at any time prior to the 


actual bank switch which occurs 
during 
the next branch 
instruction 
encountered. 
Since all twelve bits of the pro- 


gram counter, 
including 
bit II, 
are stored 
in the stack, 
when a Call is executed, 
the user may jump to subroutines 


across the 2K boundary 
and the proper 
bank will be re- 


stored 
upon 
return. 
However, 
the bank switch 
flip-flop 


will not be altered on return. 
C' 
Conventional 
Program 
Counter 
• 
Counts 
OOOHto 7FFH 
• 
Overflows 
7FFH to OOOH 


JMP or CALL 
instructions 
transfer 
contents 
01 internal 
flipflop 
to A11 


• 
Flipflop 
set by SEL MB1 
• 
Flipflop 
reset by SEL MBO 
or by RESET 


During 
interrupt 
service 
routine 
A11 is forced 
to "0" 
All 12 bits are saved in stack 


Interrupts 
always 
vector the program 
counter 
to location 


3 or 7 in the first 2K bank, 
and bit II of the program 


counter is held at "0" 
during the interrupt service routine. 


The end of the service routine is signalled by the execution 
of an RETR instruction. 
Interrupt 
service routines 
should 
therefore 
be contained 
entirely 
in the lower 2K words of 
program 
memory. 
The execution 
of a SEL MBO or SEL 
MB I instruction 
within 
an interrupt 
routine 
is not rec- 
ommended 
since it will not alter PCI I while in the routine, 


but will change 
the internal 
flip-flop. 


Although 
the lower half of Port 2 is used to output 
the 
four most significant 
bits of address 
during 
an external 
program 
memory 
fetch, 
the I/O information 
is still out- 
puted during certain portions 
of each machine 
cycle. 
I/O 
information 
is always present 
on Port 2's lower 4 bits at 
the rising edge of ALE and can be sampled 
or latched at 
this time. 


Shown 
in Figure 
13-3 is the addition 
of 2K words 
of 
program 
memory 
using an 2716A 
2K x 8 ROM to give 
a total of 3K words of program 
memo!y:"'!!!' this case no 
chip select 
decoding 
is required 
and PSEN 
enables 
the 


memory directly 
through the chip select input. If the sys- 
tem requires only 2K of program 
memory, 
the same con- 
figuration 
can be used with an 8035AHL 
substituted 
for 
the 8048AH. 
The 8049AH 
would provide 4K of program 
memory 
with the same configuration. 


3 
PORT 20-22 


" 
. 
8048AH 
ALE 
11 ) 
ADDRESS 
~ 
8282 
V 
LATCH 
2716 
rrv 


EPROM 


A 


BUS 
8 
DATA 
OUT 
PSEN 
CS 


USING 
2K , 8 EPROM 


2K 
x 8 
ROMI 
EPROM 
WITH 


AlDO_7 
8~~1 


8755 


Figure 13-4 shows how the.8755/8355 
EPROM/ROM 
with 


110 interfaces 
directly 
to the 8048AH 
without 
the need 


for an address 
latch. The 8755/8355 
contains 
an internal 


8-bit address latch eliminating 
the need for an 8212 latch. 


In addition 
to a 2K x 8 program 
memory, 
the 8755/8355 


also contains 
16110 
lines addressable 
as two 8-bit ports. 


These ports are addressed 
as external 
RAM; therefore 
the 


RD and WR outputs of the 8048AH 
are required. 
See the 


following 
section 
on data 
memory 
expansion 
for more 


detail. The subsequent 
section on 110 expansion 
explains 


the operation 
of the 16 110 lines. 


WR 


8048AH 
RD 
8049AH 


Data Memory 
is expanded 
beyond the resident 
64 words 


by using the 8085AH 
type bus feature of the MCS~-48. 


All address 
and data 
is transferred 
over the 8 lines of 


BUS. 
As shown 
in Figure 
13-5, a read or write cycle 


occurs as follows: 


ALE J 


FLOATING~ 
F_L_O_A_T_IN_G 
_ 


FLOATING 


ALE J 


I) The contents ofregister 
RO or Rl is outputed 
on BUS. 


2) Address 
Latch 
Enable 
(ALE) 
indicates 
addresss 
is 


valid. 
The trailing 
edge of ALE is used to latch the 


address 
externally. 


3) A read (RD) or write (WR) pulse on the corresponding 


output pins of the 8048AH 
indicates 
the type of data 


memory 
access i~ogress. 
Output data is valid at the 


trailing 
edge of WR and input data must be valid at 


the trailing 
edge of RD. 


4) Dat (8 bits) is transferred 
in or out over BUS. 


13.2.2 
Addressing 
External 
Data Memory 


External Data Memory 
is accessed with its own two-cycle 


move 
instructions. 
MOVXA, 
@R and MOVX@R, 
A, 
which transfer 8 bits of data between the accumulator 
and 


the external 
memory 
location 
addressed 
by the contents 
of one of the RAM 
Pointer 
Registers 
RO and Rl. 
This 
allows 
256 locations 
to be addressed 
in addition 
to the 


resident 
locations. 
Additional 
pages 
may 
be added 
by 


"bank 
switching" 
with extra output lines of the 8048AH. 


13.2.3 
Examples 
of Data Memory 
Expansion 


Figure 
13-6 shows 
how the 8048AH 
can be expanded 


using the 8155 memory 
and VO expanding 
device. 
Since 


the 8155 has an internal 8-bit address latch, it can interface 
directly 
to the 8048AH 
without 
the use of an external 


latch. The 8155 provides 
an additional 
256 words of static 
data memory 
and also includes 
22 VO lines and a 14-bit 


timer. See the following 
section on VO expansion 
and the 


8155 
data 
sheet 
for 
more 
details 
on 
these 
additional 


features. 


There are four possible 
modes of VO expansion 
with the 


8048AH: one using a special low-cost expander, 
the 8243; 


another using standard MCS-80/85 
VO devices; and a third 


using the combination 
memory 
VO expander 
devices 
the 


8155,8355, 
and 8755. It is also possible 
to expand using 


standard TIL 
devices 
as shown in Chapter 
5. 


The most efficient means of VO expansion 
for small sys- 


tems is the 8243 VO Expander 
Device which requires only 


4 port lines (lower half of Port 2) for communication 
with 
the 8048AH. 
The 8243 contains four 4-bit VO ports which 


serve as an extension 
of the on-chip VO and are addressed 


as ports #4-7 
(see Figure 13-7). The following 
operations 


may be performed 
on these ports: 


• 
Transfer 
Accumulator 
to Port 


• 
Transfer 
Port to Accumulator 


• 
AND Accumulator 
to Port 


• 
OR Accumulator 
to Port 


A 4-bit transfer 
from a port to the lower half of the Ac- 


cumulator 
sets the most significant 
four bits to zero. All 
communication 
between the 8048AH and the 8243 occurs 


over Port 2 lower (P2O-P23) 
with timing provided 
by an 


output pulse on the PROG pin of the processor. Each trans- 
fer consists 
of two 4-bit nibbles: 
The first containing 
the 
"op 
code" 
and port address, 
and the second 
containing 


the actual 4 bits of data. 


BUS 
8 
AOO-7 
-v 


ALE 
ALE 
8155 
. 
22 
"> 
256·8 
'f 


WR 
WR 
RAM 
8048AH 
AD 
liD 


PORT 
101M 
3 
TEST 
INPUTS 


18 
) 1/0 


TIMER 
IN 


TIMER 
OUT 


20 
1/0 
P4 


PROG 
PROG 


TEST 
PS 
80S0AH 
INPUTS 
8049AH 
8243 


8048AH 
P6 


P20-P23 
DATA IN 
P2 
P7 


EXPANDER 
INTERFACE 


PROG 
\ 
/ 


P20-P23 -( 
X 
) 


ADDRESS 
DATA (4-BITS) 
ANDOPCODE 
(4-BITS) 
OUTPUT 
EXPANDER 
TIMING 


BITS 0, 1 
BITS 2, 3 
OO} 
OO} READ 
01 
PORT 
01 
WRITE 
10 
ADDRESS 
10 
OR 
11 
11 
AND 


Nibble 
I 


3 
2 
I 
0 


~ 
Instruction 


Code 


ibble 2 


3 
2 
I 
0 


~ 
data 


II 


()() Read 
01 Write 
100R 
II AND 


AA 


()() - 
Port #4 


01 - 
Port #5 


10 - 
Port #6 
II - 
Port #7 


A high to low transition 
of the PROG line indicates 
that 


address is present, 
while allow to high transition 
indicates 
the presence 
of data. Additional 
8243's 
may be added to 
the four-bit bus and chip selected using additional 
output 
lines from the 8048AH/8748H. 


Each of the four 4-bit ports of the 8243 can serve as either 
input or output 
and can provide 
high drive capability 
in 
both the high and low state. 


13.3.2 
I/O Expansion 
with Standard 
Peripherals 
Standard 
MCS-80/85 
type I/O devices 
may be added to 


the MCS~-48 
using the same bus and timing used for Data 


Memory expansion. 
Figure 13-8 shows an example of how 


an 8048AH 
can be connected 
to an MCS-85 
peripheral. 


I/O devices 
reside 
on the Data Memory 
bus and in the 


data memory address space and are accessed with the same 
MOVX 
instructions. 
(See the previous 
section 
on data 


memory 
expansion 
for a description 
of timing.) 
The fol- 


lowing are a few of the Standard 
MCS-80 
devices 
which 


are very useful in MCS~-48 
systems: 


• 
8214 Priority 
Interrupt 
Encoder 
• 
8251 Serial Communications 
Interface 


• 
8255 General 
Purpose 
Programmable 
I/O 


• 
8279 Keyboard/Display 
Interface 
• 
8253 Interval 
Timer 


13.3.3 
Combination 
Memory 
and 
I/O Expanders 


As mentioned 
in the sections on program and data memory 


expansion, 
the 8355/8755 
and 8155 expanders 
also contain 


I/O capability. 


8355/8755: 
These two parts of ROM and EPROM 
equiv- 


alents and therefore 
contain 
the same I/O structure. 
I/O 


consists 
of two 8-bit ports which normally 
reside 
in the 


external data memory address space and are accessed with 
MOVX 
instructions. 
Associated 
with each port is an 8- 
bit Data Direction 
Register 
which defines each bit in the 


port as either 
an input or an output. 
The data direction 


registers 
are directly 
addressable, 
thereby 
allowing 
the 


user to define under software 
control 
each individual 
bit 


of the ports 
as either 
input 
or output. 
All outputs 
are 


statically 
latched 
and 
double 
buffered. 
Inputs 
are not 


latched. 


8155/8156: 
I/O on the 8155/8156 
is configured 
as two 


8-bit programmable 
I/O ports and one 6-bit programmable 


port. These 
three registers 
and a ControI/Status 
register 
are accessible 
as external 
data memory 
with the MOVX 
instructions. 
The contents 
of the control 
register 
deter- 
mines the mode of the three ports. The ports can be pro- 
grammed 
as input or output 
with or without 
associated 
handshake 
communication 
lines. In the handshake 
mode, 


lines of the six -bit port become 
input and output 
strobes 


for the two 8-bit ports. 
Also included 
in the 8155 is a 
l4-bit 
programmable 
timer. 
The clock input to the timer 
and the timer overflow 
output 
are available 
on external 
pins. The timer can be programmed 
to stop on terminal 
count or to continuously 
reload itself. 
A square wave or 
pulse output on terminal 
count can also be specified. 


Figure 
13-9 shows 
the expansion 
of 110 using multiple 
8243's. 
The only difference 
from a single 8243 system is 
the addition of chip selects provided by additional8048AH 
output 
lines. Two output 
liens and a decoder 
could also 
be used to address the four chips. Large numbers of8243's 
would require a chip select decoder chip such as the 8205 
to save 110 pins. 


Figure 
13-10 shows the 8048AH 
interface 
to a standard 


MCS<ll>·80peripheral; 
in this case, the 8255 Programmable 


Peripheral 
Interface, 
a 40-pin 
part which provides 
three 
8-bit programmable 
110 ports. 
The 8255 bus interface 
is 


typical 
of programmable 
MCS<ll>-80peripherals 
with an 
8-bit bidirectional 
data bus, a RD and WR input for Read/ 


Write control, 
a CS (chip select) input used to enable the 


Read/Write 
control 
logic and the address 
inputs used to 
select various 
internal 
registers. 


AO 
8255 
P20 
Ao 
8255 


A1 PROGRAM· 
PORT 
P21 
A1 PROGRAM· 
PORT 


MABLE 
A 
MABLE 
A 


PERIPHERAL 
PERIPHERAL 
ALE 
INTERFACE 
PORT 
8048AH 
_ 
INTERFACE 
PORT 
8048AH 
RD 
B 
RD 
B 
RD 
RD 


WR 
WR 
PORT 
WR 
WR 
PORT 


C 
C 
BUS 
00-7 
BUS 
00-7 
CS 
CS 


OPTION 
#1 
OPTION 
#2 


Interconnection 
to the 8048AH 
is very straightforward 
with BUS, 
RD, and WR connecting 
directly 
to the cor- 


responding 
pins on the 8255. 
The only design consider- 
ation is the way in which the internal registers of the 8255 
are to be addressed. 
If the registers 
are to be addressed 
as external 
data memory 
using the MOVX 
instructions, 
the appropriate 
number 
of address 
bits (in this case, 
2) 
must be latched 
on BUS using ALE as described 
in the 
section on external data memories. 
If only a single device 


is connected 
to BUS, 
the 8255 may be continuously 
se- 
lected by grounding 
CS. If multiple 
8255's 
are used, ad- 
ditional 
address 
bits 
can 
be latched 
and 
used 
as chip 
selects. 


A second addressing 
method 
eliminates 
external 
latches 
and chip select decoders 
by using output 
port lincs as ad- 
dress 
and 
chip 
select 
lines directly. 
fhis 
method. 
of 
course. reljuires the settingofan 
output 
port with address 
information 
prior 
to executing 
a MOVX 
instruction. 


Figure 13-11 shows the addition of two memory expanders 
to the 8048AH, 
one 8355/8755 
ROM and one 8156 RAM. 
The main consideration 
in designing 
such a system is the 


addressing 
of the various 
memories 
and 110 ports. 
Note 
that in this configuration 
address 
lines AID and All have 


been 0 Red to chip select the 8355. This ensures that the 
chip is active for all external 
program 
memory 
fetches 
in 


the IK to 3K range and is disabled for all other addresses. 
This gating has been added 
to allow the 110 port of the 
8355 to be used. If the chip was left selected all the time, 
there would be conflict between 
these ports and the RAM 
and 110 of the 8156. The NOR gate could be eliminated 
and All connected 
directly to the CE (instead of CE) input 


of the 8355; however, 
this would create a lK word "hole" 


in the program 
memory 
by causing 
the 8355 to be active 
in the 2K and 4K range instead 
of the normal 
IK to 3K 


range. 


In this 
system 
the 
various 
locations 
are 
addressed 
as 


follows: 


• 
Data RAM - 
Addresses 
0 to 255 when Port 2 Bit 


o has been previously 
set = I and Bit 1 set = 0 


• 
RAM 110 - 
Addresses 
0 to 3 when Port 2 Bit 0 = 


I and Bit I = I 


• 
ROM I/O - 
Addresses 
0 to 3 when Port 2 Bit 2 or 


Bit 3 = I 


PORT 
8355/ 
8755 
ROM 
EPROM 
PORT 
P20-3 
4 


ALE 


PSEN 
8048AH 
RD 


WR 
-= 


BUS 
PORT 
A 


PORT 
8156 
B 
RAM 


PORT 
C 


Certain 
systems 
may require 
more than the 4K words of 
program 
memory 
which 
are directly 
addressable 
by the 
program 
counter 
or more than the 256 data memory 
and 
110 locations 
directly 
addressable 
by the pointer registers 
RO and Rl. 
These systems 
can be achieved 
using "bank 


switching" 
techniques. 
Bank switching 
is merely the se- 
lection 
of various 
blocks 
of "banks" 
of memory 
using 
dedicated 
output port lines from the processor. 
In the case 


of the 8048AH, 
program 
memory 
is selected 
in blocks of 
4K words at a time, 
while data memory 
and 110 are en- 
abled 256 words at a time. 


The most important 
consideration 
in implementing 
two or 
more banks 
is the software 
required 
to cross 
the bank 
boundaries. 
Each crossing 
of the boundary 
requires 
that 
the processor 
first write a control 
bit to an output 
port 


before accessing 
memory 
or 110 in the new bank. If pro- 


gram memory 
is being switched, 
programs 
should be or- 


ganized 
to keep boundary 
crossings 
to a minimum. 


Jumping 
to subroutines 
across 
the boundary 
should 
be 


avoided 
when possible 
since the programmer 
must keep 
track of which bank to return to after completion 
of the 


subroutine. 
If these subroutines 
are to be nested and ac- 


cessed 
from either 
bank, 
a software 
"stack" 
should 
be 


implemented 
to save the bank switch bit just as if it were 


another bit of the program 
counter. 


From 
a hardware 
standpoint 
bank 
switching 
is 
very 


straightforward 
and involves 
only the connection 
of an 
110 line or lines as bank enable signals. These enables are 
ANDed 
with nonnal 
memory 
and 110 chip select signals 


to activate the proper bank. 


Table 
13 summarizes 
the instructions 
which activate 
the 


various control outputs of the MCS@-48 processors. 
Dur- 


ing all other instructions 
these outputs 
are driven 
to the 


active state. 


BFFH 
I 
1 
1 
1 
1 


8355 
: 
(2K) 
: 


I 
1 
1 


1 
EXTERNAL 
DATA 
: 
MEMORY 
SPACE 


_ 
MBo f------l4ooH 
I 
I 8~~5 


-------- 
300H I 
I 8155 
RESIDENT 
I 
I 
10 
------- 
200H 
(lK) 
-------- 
looH 
I 


'-------'oooH 
1--------1 


Control 
Signal 
When Active 


RD 
During 
MOYX, 
A, @R or INS Bus 


WR 
During 
MOYX 
@R, 
A or OUTL Bus 


ALE 
Every Machine 
Cycle 


PSEN 
During 
Fetch of external 
program 
mem- 


ory (instruction 
or immediate 
data) 


PROG 
During MOYD, 
A,P ANLD P,A MOYD 


P,A ORLD 
P,A 


The BUS port can operate 
in three different 
modes: as a 
latched I/O port, as a bidirectional 
bus port, or as a pro- 


gram memory 
address 
output 
when external 
memory 
is 
used. 
The BUS port lines are either 
active 
high, 
active 
low, or high impedance 
(floating). 


The latched mode (INS, OUTL) 
is intended 
for use in the 


single-chip 
configuration 
where BUS is not begin used as 


an expander 
port. OUTL and MOYX 
instructions 
can be 


mixed if necessary. 
However, 
a previously 
latched output 


will be destroyed 
by executing 
a MOYX 
instruction 
and 


BUS will be left in the high impedance 
state. INS does 


not put the BUS in a high impedance 
state. 
Therefore, 


the use of MOYX 
after OUTL to put the BUS in a high 


impedance 
state 
is necessary 
before 
an INS instruction 


intended 
to read an external 
word (as opposed 
to the pre- 
viously 
latched value). 


OUTL 
should 
never 
be used 
in a system 
with external 


program 
memory, 
since latching 
BUS can cause the nt>' t 


instruction, 
if external, 
to be fetched 
improperly. 


The lower half of Port 2 can be used in three different 
ways: as a quasi-bidirectional 
static port, as an 8243 ex- 


pander port, and to adddress 
external 
program 
memory. 


RESIDENT 
DATA 
MEMORY 
(64) 


SECTION 
ADDRESS 
DESIGNATION 


PRDG.MEM 
ooo-BFF 
DATA MEM 
loo-IFF 
8155 PORTS 
300 
CMD/STATUS 
301 
PORTA 
302 
PORTB 
303 
PORTC 
304 
TIMER LOW 
8355 PORTS 
305 
TIMER HI 
400 
PORTA 
401 
PORTB 
402 
DORA 
403 
DDR B 


In all cases outputs 
are driven 
low by an active 
device 


and driven high momentarily 
by a low impedance 
device 


and held high by a high impedance 
device to VCC. 


viously latched will be automatically 
removed temporarily 


while address 
is present, 
then retored 
when the fetch is 


complete. 
However, 
if lower Port 2 is used to commu- 
nicate with an 8243, 
previously 
latched 
110 information 
will be removed 
and not restored. 
After an input from the 
8243, P20-3 will be left in the input mode (floating). 
After 
an output to the 8243, P20-3 will contain the value written, 
ANDed, 
or ORed to the 8243 port. 


The port may contain 
latched 
110 data prior to its use in 


another 
mode 
without 
affecting 
operation 
of either. 
If 


lower 
Port 
2 (P20-3) 
is used 
to output 
address 
for an 


external 
program 
memory 
fetch, the 110 information 
pre- 


8749H 
8049AH 
8048AH 
8748H 
8035AHL 
8039AHL 


MCS®,48 Instruction Set 
14 


CHAPTER 14 
MCS®-48 INSTRUCTION 
SET 


The MCS~-48 
instruction 
set is extensive 
for a machine 


of its size and has been tailored to be straightforward 
and 


very efficient 
in its use of program 
memory. 
All instruc- 


tions are either one or two bytes in length and over 80% 
are only one byte long. Also, 
all instructions 
execute 
in 
either one or two cycles and over 50% of all instructions 
execute 
in a single cycle. 
Double 
cycle 
instructions 
in- 
clude all immediate 
instructions, 
and all I/O instructions. 


The MCS-48 
microcomputers 
have been designed 
to han- 
dle arithmetic 
operations 
efficiently 
in both binary 
and 
BCD as well as handle the single-bit 
operations 
required 


in control applications. 
Special instructions 
have also been 


included to simplify loop counters, 
table look-up routines, 
and N-way branch 
routines. 


As can be seen in Figure 
14.1, 
the 8-bit accumulator 
is 


the central 
point 
for all data transfers 
within 
the 8048. 


Data can be transferred 
between 
the 8 registers 
of each 


working 
register 
bank and the accumulator 
directly, 
i.e., 


the source 
or destination 
register 
is specified 
by the in- 
struction. 
The remaining 
locations 
of the internal 
RAM 


array are referred 
to as Data Memory 
and are addressed 


indirectly 
via an address 
stored in either RO or R I of the 


active register bank. RO and RI are also used to indirecly 
address external data memory when it is present. 
Transfers 


to and from internal RAM require one cycle, while trans- 
fers to external 
RAM 
require 
two. 
Constants 
stored 
in 


Program 
Memory 
can be loaded directly 
to the accumu- 


lator and to the 8 working 
registers. 
Data 
can also be 


transferred 
directly 
between 
the accumulator 
and the on- 


1-.---------l 


I 


PROGRAM 
DATA 
I 


MEMORY 
MEMORY 


I 
~~ 
~ 
I 
WORKING 
REG 


I 


ADD 
MOY 
I 


MOY 
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MOYP 
ANL 


I 


MOYP3 
ORL 
I 


ANL 
XRL 
ORL 
XCH 
XRL 


EXPANDER 
110 PORTS 
4-7 


I 


, 


I 


I 


I 
L 
_ 


EXTERNAL 
MEMORY 
AND 
PERIPHERALS 


8749H 


8048AH 


8049AH 


8748H 
I 


8035AHL' 


8039AHL'J 
.!!L 
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board timer counter 
or the accumulator 
and the Program 
Status word (PSW). 
Writing 
to the PSW alters machine 


status accordingly 
and provides a means of restoring status 


after 
an 
interrupt 
or 
of 
altering 
the 
stack 
pointer 
if 
necessary. 


Immediate 
data, 
data memory, 
or the working 
registers 


can be added 
with or without 
carry to the accumulator. 


These 
sources 
can also be ANDed, 
ORed, 
or Exclusive 


ORed to the accumulator. 
Data may be moved to or from 


the accumulator 
and working 
registers 
or data memory. 


The 
two 
values 
can 
also 
be 
exchanged 
in 
a single 


operation. 


In addition, 
the lower 4 bits of the accumulator 
can be 


exchanged 
with the lower 
4-bits 
of any of the internal 


RAM locations. 
This instruction, 
along with an instruction 


which swaps the upper and lower 4-bit halves of the ac- 
cumulator, 
provides 
for easy handling 
of 4-bit quantities, 


including 
BCD numbers. 
To facilitate 
BCD arithmetic, 
a 


Decimal 
Adjust 
instruction 
is included. 
This instruction 


is used to correct the result of the binary addition 
of two 


2-digit BCD numbers. 
Performing 
a decimal adjust on the 


result 
in the 
accumulator 
produces 
the 
required 
BCD 


result. 


Finally, 
the 
accumulator 
can 
be 
incremented, 
decre- 


mented, 
cleared, 
or complemented 
and can be rotated left 


or right I bit at a time with or without carry. 


Although 
there is no subtract 
instruction 
in the 8048AH, 
this operation can be easily implemented 
with three single- 


byte single-cycle 
instructions. 


A value may be subtracted 
from the accumulator 
with the 


result in the accumulator 
by: 


• 
Complementing 
the accumulator 


• 
Adding 
the value to the accumulator 


• 
Complementing 
the accumulator 


The working registers can be accessed via the accumulator 
as explained 
above, 
or can be loaded 
immediate 
with 


constants 
from program memory. 
In addition, 
they can be 


incremented 
or decremented 
or used as loop counters using 


the decrement 
and jump, 
if not zero instruction, 
as ex- 


plained under branch 
instructions. 


All Data Memory 
including 
working 
registers 
can be ac- 


cessed 
with indirect 
instructions 
via RO and R I and can 


be incremented. 


There are four user-accessible 
flags in the 8048AH: Carry, 
Auxiliary 
Carry, 
FO and Fl. 
Carry indicates 
overflow 
of 
the accumulator, 
and Auxiliary 
Carry 
is used to indiate 
overflow between BCD digits and is used during decimal- 
adjust operation. 
Both Carry and Auxiliary 
Carry are ac- 
cessible 
as part of the program 
status word and are stored 
on the stack during subroutines. 
FO and Fl are undedicated 
general-purpose 
flags to be used as the programmer 
de- 
sires. 
Both 
flags can be cleared 
or complemented 
and 
tested by conditional 
jump instructions. 
FO is also acces- 
sible via the Program 
Status 
word and is stored 
on the 
stack with the carry flags. 


The unconditional 
jump Instruction 
is two bytes and allows 
jumps anywhere 
in the first 2K words of program memory. 


Jumps to the second 2K of memory (4K words are directly 
addressable) 
are made first by executing 
a select memory 


bank instruction, 
then executing 
the jump instruction. 
The 


2K boundary 
can only be crossed via ajump 
or subroutine 
call instruction, 
i.e., the bank switch does not occur until 
a jump is executed. 
Once a memory bank has been selected 
all subsequent 
jumps 
will be to the selected 
bank until 
another 
select 
memory 
bank 
instruction 
is executed. 
A 


subroutine 
in the opposite bank can be accessed by a select 
memory 
bank instruction 
followed 
by a call instruction. 
Upon completion 
of the subroutine, 
execution 
will auto- 
matically 
return to the original bank; however, 
unless the 
original bank is reselected, 
the next jump 
instruction 
en- 
countered 
will again 
transfer 
execution 
to the opposite 


bank. 


Conditional 
jumps 
can test the following 
inputs and ma- 


chine status: 


• 
TO Input Pin 


• 
Tl Input Pin 


• 
!NT Input Pin 


• 
Accumulator 
Zero 


• 
Any bit of Accumulator 


• 
Carry Flag 


• 
FO Flag 


• 
Fl Flag 


Conditional 
jumps 
allow a branch 
to any address 
within 
the current page (256 words) of execution. 
The conditions 


tested are the instantaneous 
values 
at the time the con- 
ditional jump is executed. 
For instance, 
the jump on ac- 


cumulator 
zero instruction 
tests the accumulator 
itself, not 
an intermediate 
zero flag. 


The decrement 
register 
and jump 
if not zero instruction 


combines 
a decrement 
and a branch 
instruction 
to create 


an instruction 
very useful in implementing 
a loop counter. 


This instruction 
can designate 
anyone 
of the 8 working 


registers as a counter and can effect a branch to any address 
within the current 
page of execution. 


A single-byte 
indirect jump instruction 
allows the program 


to be vectored 
to anyone 
of several 
different 
locations 


based on the contents 
of the accumulator. 
The contents 


of the accumulator 
points to a location in program memory 


which contains 
the jump address. 
The 8-bit jump address 


refers to the current 
page of execution. 
This instruction 


could be used, for instance, 
to vector to anyone 
of several 


routines 
based 
on an ASCII 
character 
which 
has been 


loaded in the accumulator. 
In this way ASCII key inputs 
can be used to initiate various 
routines. 


Subroutines 
are entered 
by executing 
a call instruction. 
Calls can be made like unconditional 
jumps to any address 
in a 2K word bank, 
and jumps 
across the 2K boundary 


are executed 
in the same manner. 
Two 
separate 
return 


instructions 
determine 
whether 
or not status (upper 4-bits' 
of PSW) is restored 
upon return from the subroutine. 
. 


The return 
and restore 
status instruction 
also signals 
the 


end of an interrupt 
service 
routine 
if one has been 
in 


progress. 


The 8-bit on board 
timer/counter 
can be loaded 
or read 


via the accumulator 
while the counter 
is stopped or while 


counting. 
The counter 
can be started as a timer with an 


internal clock source or an event counter or timer with an 
external clock applied to the Tl input pin. The instruction 
executed 
determines 
which clock source is used. A single 


instruction 
stops the counter 
whether 
it is operating 
with 


an internal 
or an external 
clock source. 
In addition, 
two 


instructions 
allow 
the timer 
interrupt 
t9 be enabled 
or 


disabled. 


Two instructions 
allow the external 
interrupt 
source to be 


enabled 
or disabled. 
Interrupts 
are initially 
disabled 
and 


are automatically 
disabled 
while an interrupt 
service rou- 


tines is in progress 
and re-enabled 
afterward. 


There are four memory 
bank select instructions, 
two to 
designate 
the active 
working 
register 
bank 
and two to 


control program memory banks. The operation 
of the pro- 


gram memory bank switch is explained 
in section 
13.1.2. 


The working 
register 
bank switch 
instructions 
allow the 


programmer 
to immediately 
substitute 
a second 8-register 


working register 
bank for the one in use. This effectively 


provides 
16 working registers or it can be used as a means 


of quickly saving the contents 
of the registers 
in response 


to an interrupt. 
The user has the option to switch or not 


to switch banks on interrupt. 
However, 
if the banks are 


switched, 
the original bank will be automatically 
restored 


upon execution 
of a return 
and restore 
status instruction 


at the end of the interrupt 
service 
routine. 


A special instruction 
enables 
an internal 
clock, 
which is 


the XT AL frequency 
divided by three to be output on pin 


TO. This clock can be used as a general-purpose 
clock in 


the user's 
system. This instruction 
should be used only to 


initialize the system since the clock output can be disabled 
only by application 
of system reset. 


Ports I and 2 are 8-bit static 110 ports which can be loaded 
to and from the accumulator. 
Outputs are statically latched 


but inputs are not latched 
and must be read while inputs 


are present. 
In addition, 
immediate 
data from program 


memory 
can be ANDed 
or ORed directly 
to Port I and 


Port 2 with the result remaining 
on the port. This allows 
"masks" 
stored in program 
memory 
to selectively 
set or 


reset individual 
bits of the 110 ports. 
Ports 
I and 2 are 


configured 
to allow input on a given pin by first writing 


a "I" 
out to the pin. 


An 8-bit port called 
BUS can also be accessed 
via the 


accumulator 
and can have 
statically 
latched 
outputs 
as 


well. 
It too can have 
immediate 
data ANDed 
or ORed 


directly to its outputs, 
however, 
unlike ports I and 2, all 


eight lines of BUS must be treated as either input or output 
at anyone 
time. In addition 
to being a static port, 
BUS 


can be used as a true synchronous 
bi-directional 
port using 


the Move 
External 
instructions 
used 
to access 
external 


data memory. 
When 
these 
instructions 
are executed, 
a 


corresponding 
READ 
or WRITE 
pulse is generated 
and 


data is valid only at that time. 
When 
data is not being 


transferred, 
BUS is in a high impedance 
state. Note that 


the OUTL, 
ANL, 
and the ORL instructions 
for the BUS 


are for,use 
with internal 
program 
memory 
only. 


The basic three on-board 
110 ports can be expanded 
via 


a 4-bit expander 
bus using half of port 2. 110 expander 


devices 
on this bus consist 
of four 4-bit ports which are 


addressed 
as ports 4 through 
7. These 
ports 
have their 


own AND and OR instructions 
like the on-board 
ports as 


well as move instructions 
to transfer 
data in or out. The 


expander 
AND and OR instructions, 
however, 
combine 


the contents 
of accumulator 
with the selected 
port rather 


than immediate 
data as is done with the on-board 
ports. 


110 devices 
can also be added externally 
using the BUS 
port as the expansion 
bus. In this case the 110 ports become 


"memory 
mapped", 
i.e., 
they are addressed 
in the same 


way as external 
data memory 
and exist in the external 
data memory 
address 
space addressed 
by pointer register 
RO or RI. 


The following 
pages describe the MCSiIP-48 instruction 
set 


in detail. 
The instruction 
set is first summarized 
with in- 


structions 
grouped 
functionally. 
This 
summary 
page 
is 
followed 
by a detailed description 
listed alphabetically 
by 


mnemonic 
opcode. 


The 
alphabetical 
listing 
includes 
the 
following 
information. 


• 
Mnemonic 


• 
Machine 
Code 


• 
Verbal Description 


• 
Symbolic 
Description 


• 
Assembly 
Language 
Example 


The machine code is represented 
with the most significant 
bit (7) to the left and two byte instructions 
are represented 
with the first byte on the left. 
The 
assembly 
language 
examples 
are formulated 
as follows: 


Arbitrary 


Label: Mnemonic, 
Operand; 


Descriptive 
Comment 


B04BAH/B7 4BH/B049AH/B050AH/B7 
49H 
Instruction 
Set Summary 


Mnemonic 
DelCriptlon 
Bytes 
Cycle 


Accumulator 


ADD A, R 
Add register to A 
1 
1 


ADD A, @R 
Add data memory 
to A 
1 
1 


ADD A, # data 
Add immediate 
to A 
2 
2 


ADDC 
A, R 
Add register 
with carry 
1 
1 


ADDCA, 
Add data memory 
1 
1 


@R 
with carry 
AD DC A, 
Add immediate 
2 
2 


# data 
with carry 
ANLA, 
R 
And register to A 
1 
1 


ANLA,@R 
And data memory 
to A 
1 
1 


ANLA, 
# data 
And immediate 
to A 
2 
2 


ORLA, 
R 
Or register to A 
1 
1 


ORL A@R 
Or data memory 
to A 
1 
1 


ORL A, # data 
Or immediate 
to A 
2 
2 


XRL A, R 
Exclusive 
Or register 
1 
1 


to A 


XRLA,@R 
Exclusive 
or data 
1 
1 
memory 
to A 


XRL, A, # data 
Exclusive 
or 
2 
2 


immediate 
to A 


INCA 
Increment 
A 
1 
1 


DECA 
Decrement 
A 
1 
1 


CLRA 
Clear A 
1 
1 


CPLA 
Complement 
A 
1 
1 


DAA 
Decimal 
adjust A 
1 
1 


SWAP A 
Swap nibbles of A 
1 
1 


RLA 
Rotate A left 
1 
1 


RLCA 
Rotate A left 
1 
1 


through 
carry 
RRA 
Rotate A right 
1 
1 
RRCA 
Rotate A right 
1 
1 


through 
carry 


Input/Output 


INA, 
P 
Input port to A 
1 
2 
OUTL P, A 
Output 
A to port 
1 
2 
ANL P, # data 
And immediate 
to port 
2 
2 
ORL P, # data 
Or immediate 
to port 
2 
2 


"INS A, BUS 
Input BUS to A 
1 
2 


"OUTL 
BUS, A 
Output 
A to BUS 
1 
2 


"ANL BUS, 
And immediate 
to BUS 
2 
2 


# data 
"ORL BUS, 
Or immediate 
to BUS 
2 
2 


# data 
MOVDA, 
P 
Input Expander 
port 
1 
2 


toA 
MOVD P, A 
Output 
A to Expander 
1 
2 
port 
ANLD P, A 
And A to Expander 
port 
1 
2 
ORLD P, A 
Or A to Expander 
port 
1 
2 


Mnemonics 
copyright 
Intel Corporation 
1983. 
"For use with internal 
memory 
only. 


Mnemonic 
Description 
Bytes 
Cycles 


Registers 


INCR 
Increment 
register 
1 
1 


INC@R 
Increment 
data memory 
1 
1 


DECR 
Decrement 
register 
1 
1 


Branch 


JMP addr 
Jump 
unconditional 
2 
2 


JMPP@A 
Jump 
indirect 
1 
2 


DJNZ R, addr 
Decrement 
register 
2 
2 


and jump 
JC addr 
Jump on carry = 1 
2 
2 


JNC addr 
Jump on carry = 0 
2 
2 
JZaddr 
Jump on A Zero 
2 
2 


JNZ addr 
Jump on A not Zero 
2 
2 


JTO addr 
Jump on TO = 1 
2 
2 


JNTO addr 
Jump on TO = 0 
2 
2 
JT1 addr 
Jump on T1 = 1 
2 
2 


JNT1 addr 
Jump on T1 = 0 
2 
2 


JFO addr 
Jump on FO= 1 
2 
2 
JF1 addr 
Jump on F1 = 1 
2 
2 
JTF addr 
Jump on timer flag = 1 
2 
2 


JNI addr 
Jump on INT = 0 
2 
2 


JBb addr 
Jump on Accumulator 
2 
2 


Bit 


Subroutine 


CALL addr 
Jump to subroutine 
2 
2 


RET 
Return 
1 
2 


RETR 
Return and restore 
1 
2 


status 


Flags 


CLRC 
Clear Carry 
1 
1 
CPLC 
Complement 
Carry 
1 
1 


CLR FO 
Clear Flag 0 
1 
1 
CPL FO 
Complement 
Flag 0 
1 
1 


CLR F1 
Clear Flag 1 
1 
1 
CPL F1 
Complement 
Flag 1 
1 
1 


Data Moves 


MOV A, R 
Move register 
to A 
1 
1 


MOVA,@R 
Move data memory 
1 
1 


toA 
MOV A, # data 
Move immediate 
to A 
2 
2 


MOV R, A 
Move A to register 
1 
1 


MOV@R,A 
Move A to data 
1 
1 
memory 
MOV R, # data 
Move immediate 
2 
2 


to register 
MOV@R, 
Move immediate 
to 
2 
2 


# data 
data memory 
MOVA, 
PSW 
Move PSWtoA 
1 
1 


MOV PSW, A 
MoveAto 
PSW 
1 
1 


8048AH/87 48H/8049AH/8050AH/87 
49H 
Instruction 
Set Summary 
(Con't) 


Mnemonic 
Description 
Byte. 
Cycle 


Dete Move. 
(Cont'd) 


XCH A, R 
Exchange 
A and 
1 
1 
register 


XCH A,@R 
Exchange 
A and 
1 
1 
data memory 


XCHDA,@R 
Exchange 
nibble 
of A 
1 
1 
and register 


MOVXA,@R 
Move external 
data 
1 
2 
memory 
toA 


MOVX@R,A 
Move A to external 
1 
2 
data memory 


MOVPA,@A 
Move to A from 
1 
2 
current 
page 


MOVP3 A,@A 
Move to A from 
Page 3 
1 
2 


Timer/Counter 
MOVA, 
T 
Read Timer/Counter 
1 
1 


MOVT,A 
Load Timer/Counter 
1 
1 


STRTT 
Start Timer 
1 
1 


STRTCNT 
Start Counter 
1 
1 


STOP TCNT 
Stop Timer/Counter 
1 
1 


EN TCNTI 
Enable 
Timer/Counter 
1 
1 
Interrupt 


DIS TCNTI 
Disable 
Timer/Counter 
1 
1 
Interrupt 


Mnemonic 
Description 
Byte. 
Cycle 


Control 


EN I 
Enable 
external 
1 
1 


Interrupt 
DISI 
Disable 
external 
1 
1 
Interrupt 
SEL RBo 
Select 
register 
bank a 
! 
1 


SEL RB1 
Select 
register 
bank 1 
1 
1 
SEL MBo 
Select 
memory 
bank a 
1 
1 
SEL MB1 
Select 
memory 
bank 
1 
1 
1 


ENTo 
CLK 
Enable 
clock 
output 
1 
1 


on TO 


NOP 
No Operation 
1 
1 


A 
AC 
addr 
Bb 
BS 
BUS 
C 
ClK 
CNT 
CRR 
D 
data 
DBF 
FO,F1 
I 
P 
PC 
Pp 
PSW 
Ri 
Rr 
SP 
T 
TF 
TO, T1 
X 
# 
@ 
$ 
(X) 
((X) ) 


MCS®-48 
INSTRUCTION 
SET 
Symbols and Abbreviations 
Used 


Accumulator 
Auxiliary 
Carry 
12-Bit Program Memory Address 
Bit Designator 
(b = 0-7) 
Bank Switch 
BUS Port 
Carry 
Clock 
Event Counter 
Conversion 
Result Register 
Mnemonic 
for4-Bit 
Digit (Nibble) 
8-Bit Number or Expression 
Memory Bank Flip-Flop 
Flag 0, Flag 1 
Interrupt 
Mnemonic 
for "in-page" 
Operation 
Program Counter 
Port Designator 
(p = 1,2 or 4-7) 
Program Status Word 
Data memory Pointer (i = 0, or 1) 
Register Designator 
(r = 0-7) 
Stack Pointer 
Timer 
Timer Flag 
Test 0, Test 1 
Mnemonic 
for External RAM 
Immediate 
Data Prefix 
Indirect Address Prefix 
Current Value of Program Counter 
Contents 
of X 
Contents 
of location 
Addressed 
by X 
Is Replaced by 


ADD A,Rr 
Add Register Contents to Accumulator 


Encoding: 
I 0 1 1 0 1 1 r r r 1 
68H-6FH 


Description: 
The contents 
of register 'r' are added to the accumulator. 
Carry is 
affected. 


Operation: 
(A) - 
(A) + (Rr) 


Example: 
ADDREG: 
ADD A,R6 


r = 0-7 


;ADD REG 6 CONTENTS 
;TO ACC 


Encoding; 
10 1 1 0 10 0 0 i I 


Description: 
The contents of the resident data memory location addressed by register 'i' bits 
0-5** 
are added to the accumulator. Carry is affected. 


Operation: 
(A) - 
(A) + ((Ri)) 
i = 0-1 


Example: 
ADDM: 
MOV RO,#01FH 
;MOVE '1F' HEX TO REG 0 
ADD A, @RO 
;ADD VALUE OF LOCATION 
;31 TO ACC 


ADD A,#data 
Add Immediate 
Data to Accumulator 


Encoding: 
10 0 0 0 [JfDJ] 
I d7 d6 dS d41 d3 d2 d1 dO I 
03H 


Description: 
This is a 2-cycle 
instruction. 
The specified 
data is added to the accumulator. 


Carry is affected. 


Operation: 
(A) - 
(A) + data 


Example: 
ADDID: 
ADD A,#ADDER: 
;ADD VALUE OF SYMBOL 
;ADDER' TO ACC 


ADDC 
A,Rr 
Add Carry and Register Contents to Accumulator 


Encoding: 
10 1 1 1 11 r r r I 
78H-7FH 


Description: 
The content 
of the carry bit is added to accumulator 
location 
0 and the carry 


bit cleared. The contents 
of register 'r' are then added to the accumulator. 


Carry is affected. 


Operation: 
(A) - 
(A) + (Rr) + (C) 


Example: 
ADDRGC: 
ADDC A,R4 


r = 0-7 


;ADD CARRY AND REG 4 
;CONTENTS 
TO ACC 


··0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


Encoding: 


Description: 


101111000il 
70H-71H 


The content of the carry bit is added to accumulator location 0 and the carry bit 
cleared. Then the contents of the resident data memory location addressed by 
register 'i' bits 0-5** 
are added to the accumulator. Carry is affected. 


Operation: 
(A) - 
(A) + ((Ri» 
+ (C) 


Example: 
ADDMC: 
MOV R1,#40 
AD DC A,@R1 


i = 0-1 


;MOVE '40' DEC TO REG 1 
;ADD CARRY AND LOCATION 
40 
;CONTENTS 
TO ACC 


ADDC 
A,@data 
Add Carry and Immediate 
Data to Accumulator 


Encoding: 
10 0 0 1 I 0 0 1 1 I 
I d7 d6 d5 d4 I d3 d2 d1 do' 
13H 


Description: 
This is a 2-cycle 
instruction. 
The content 
of the carry bit is added to 
accumulator 
location 
0 and the carry bit cleared. Then the specified 
data is 
added to the accumulator. 
Carry is affected, 


Operation: 
(A) - 
(A) + data + (C) 


Example: 
ADDC A,#225 
;ADD CARRY AND '225' DEC 
;TO ACC 


ANL A,Rr 
Logical AND Accumulator 
with Register Mask 


Encoding: 
10 1 0 1 11 r r r I 
58H-5FH 


Description: 
Data in the accumulator 
is logically 
ANDed with the mask contained 
in 
working 
register 'r', 


Operation: 
(A) - 
(A) AND (Rr) 


Example: 
ANDREG: 
ANL A,R3 


r = 0-7 


;'AND' ACC CONTENTS WITH MASK 
;IN REG 3 


Encoding: I0 1 0 1 I 0 0 0 
i , 


Description: 
Data in the accumulator 
is logically 
ANDed with the mask contained 
in the 
data memory location 
referenced 
by reqister 'i' bits 0-5**. 


Operation: 
(A) - 
(A) AND ((Ri» 
i = 0-1 


Example: 
ANDDM: 
MOV RO,#03FH 
;MOVE '3F' HEX TO REG 0 
ANL A, @RO 
;'AND' ACC CONTENTS 
WITH 
;MASK IN LOCATION 
63 
··0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


ANL A,#data 
Logical AND Accumulator 
with Immediate 
Mask 


Encoding: 
10 1 0 1 I 0 0 1 1 I 
Id7 d6 dS d4 I d3 d2 d1 dOI 
S3H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is logically 
ANDed 


with an immediately-specified 
mask. 


Operation: 
(A) - 
(A) AND data 


Examples: 
ANDID: 
ANL A,#OAFH 
;'AND' ACC CONTENTS 
;WITH MASK 10101111 
;'AND' ACC CONTENTS 
;WITH VALUE OF EXP 
;'3 + Xy/y' 


Encoding: 
11 0 0 1 11 0 0 0 I 
I d7 d6 dS d4 I d3 d2 d1 dOI 
98H 


Description: 
This is a 2-cycle 
instruction. 
Data on the BUS port is logically 
ANDed 


with an immediately-specified 
mask. This instruction 
assumes prior 


specification 
of an 'OUTL BUS, A' instruction. 


Operation: 
(BUS) - 
(BUS) AND data 


Example: 
ANDBUS: 
ANL BUS,#MASK 
;'AND' BUS CONTENTS 
;WITH MASK EQUAL VALUE 
;OF SYMBOL 'MASK' 


Encoding: 
11 0 0 1 11 0 P PI 
Id7 d6 dS d4 I d3 d2 d1 dOI 
99H-9AH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ANDed with an 


immediately-specified 
mask. 


Operation: 
(Pp) - 
(Pp) AND DATA 


Example: 
ANDP2: 
ANL P2,#OFOH 


p = 1-2 


;'AND' PORT 2 CONTENTS 
;WITH MASK 'FO' HEX 
;(CLEAR P20-23) 


ANLD 
Pp,A 
Logical AND Port 4-7 with Accumulator 
Mask 


Encoding: 
11 0 0 1 11 1 P P 1 
9CH-9FH 


.Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ANDed with the 
digit mask contained 
in accumulator 
bits 0-3. 


Operation: 
(Pp) - 
(Pp) AND (AO-3) 
P = 4-7 


Note: The mapping of port 'p' to opcode bits 0-1 is as follows: 


1 0 
Port 


00 
4 
01 
5 
106 
1 1 
7 


Example: 
ANDP4: 
ANLD P4,A 
;'AND' PORT 4 CONTENTS 
;WITH ACC BITS 0-3 


CALL address 
Subroutine 
Call 


Encoding: I a10 a9 a8 1 I 0 1 0 0 I 
Ia7 a6 a5 a4 I a3 a2 a1 aOI 


Page 
Hex Op Code 
o 
14 


1 
34 
2 
54 
3 
74 
4 
94 
5 
B4 
6 
04 
7 
F4 


Description: 
This is a 2-cycle instruction. 
The program counter and PSW bits 4-7 are 
saved in the stack. The stack pointer (PSW bits 0-2) is updated. Program 
control 
is then passed to the location specified 
by 'address'. PC bit 11 is 
determined 
by the most recent SEL MB instruction. 


A CALL cannot begin in locations 
2046-2047 or 4094-4095. Execution 
continues 
at the instruction 
following 
the CALL upon return from the 


subroutine. 


Operation: 
((SP)) - 
(PC), (PSW4-7) 


(SP) - 
(SP) + 1 


(PC8-1Q) - 
(addr8_1Q) 


(PCO-7) - 
(addrO_7) 


(PC11) - 
DBF 


Example: 
Add three groups of two numbers. Put subtotals 
in locations 
50, 51 and 


total in location 
52. 


ADD A,R2 
CALL SUBTOT 
AD DC A R3 
ADDC A,R4 
CALL SUBTOT 
AD DC A,R5 
AD DC A,R6 
CALL SUBTOT 
SUBTOT: 
MOV @RO,A 


INC RO 
RET 


;MOVE '50' DEC TO ADDRESS 
;REG 0 
;MOVE CONTENTS 
OF REG 1 
;TO ACC 
;ADD REG 2 TO ACC 
;CALL SUBROUTINE 
'SUBTOr 
;ADD REG 3 TO ACC 
;ADD REG 4 TO ACC 
;CALL SUBROUTINE 
'SUBTOr 
;ADD REG 5 TO ACC 
;ADD REG 6 TO ACC 
;CALL SUBROUTINE 
'SUBTOr 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
ADDRESSED 
BY 
;REGO 
;INCREMENT 
REG 0 


;RETURN TO MAIN PROGRAM 


Encoding: 


Description: 


Operation: 


The contents 
of the accumulator 
are cleared to zero. 


A-O 


CLR C 
Clear Carry Bit 


Encoding: 
11 0 0 1 I 0 1 1 1 I 
97H 


Description: 
During normal program execution, 
the carry bit can be set to one by the 


ADD, ADDC, RLC, CPL C, RRC, and DAA insructions. 
This instruction 
resets the carry bit to zero. 


Operation: 
C - 
0 


Encoding: 
11 0 1 0 I 0 1 0 1 I 
A5H 


Description: 
Flag 1 is cleared to zero. 


Operation: 
(F1) - 
0 


Encoding: 
11 0 0 0 I 0 1 0 1 I 
8SH 


Description: 
Flag 0 is cleared to zero. 


Operation: 
(FO) - 
0 


CPL A 
Complement 
Accumulator 


Encoding: 
I 0 0 1 1 I 0 1 1 1 I 
37H 


Description: 
The contents of the accumulator 
are complemented. 
Thi§ is strictly a one's 
complement. 
Each one is changed to zero and vice-versa. 


Operation: 
(A) - 
NOT (A) 


Example: 
Assume accumulator 
contains 01101010. 


CPLA: 
CPL A 
;ACC CONTENTS 
ARE COMPLE- 
;MENTED TO 10010101 


CPL C 
Complement 
Carry Bit 


Encoding: 
11 0 1 01 0 1 1 1 I 
A7H 


Description: 
The setting of the carry bit is complemented; 
one is changed to zero, and 
zero is changed to one. 


Operation: 
(C) - 
NOT (C) 


Example: 
Set C to one; current setting is unknown. 
CT01: 
CLR C 
;C IS CLEARED TO ZERO 


CPL C 
;C IS SET TO ONE 


Encoding: 
11 0 0 1 I 0 1 0 11 
9SH 


Description: 
The setting of flag 0 is complemented; 
one is changed to zero, and zero is 
changed to one. 


Operation: 
FO- 
NOT (FO) 


Encoding: 
11 0 1 1 I 0 1 0 1/ 
BSH 


Description: 
The setting of flag 1 is complemented; 
one is changed to zero, and zero is 
changed to one. 


Operation: 
(F1) - 
NOT (F1) 


DA A 
Decimal Adjust Accumulator 


Encoding: I 0 1 0 1 I 0 1 1 1 I 
57H 


Description: 
The a-bit accumulator 
value is adjusted to form two 4-bit Binary Coded 


Decimal (BCD) digits following 
the binary addition 
of BCD numbers. 


The carry bit C is affected. 
If the contents 
of bits 0-3 are greater than nine, 


or if AC is one, the accumulator 
is incremented 
by six. 


The four high-order 
bits are then checked. 
If bits 4-7 exceed nine, or if 


C is one, these bits are increased by six. If an overflow 
occurs, C is set 


to one. 


Example: 
Assume accumulator 
contains 
10011011. 


DA A 
;ACC Adjusted 
to 00000001 


;WITH C SET 
C AC 7 
4 3 
0 
0010011011 
00000110 
o 
10100001 
o 1 1 0 


o 
0 0 0 000 
0 
ADD SIX TO BITS 4-7 
OVERFLOW TO C 


DEe 
A 
Decrement 
Accumulator 


Encoding: I 0 0 0 0 I 0 1 1 1I 
07H 


Description: 
The contents 
of the accumulator 
are decremented 
by one. The carry flag 


is not affected. 


Operation: 
(A) - 
(A) -1 


Example: 
Decrement 
contents 
of external data memory location 
63. 


MOV RO,#3FH 
;MOVE '3F' HEX TO REG 0 
MOVX A, @RO 
;MOVE CONTENTS 
OF 


;LOCATION 
63 TO ACC 


;DECREMENT 
ACC 


;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
63 IN EXPANDED 


;MEMORY 


DECA 
MOVX@RO,A 


Encoding: 


Description: 


Operation: 


Example: 


(Rr) - 
(Rr) -1 


DECR1: DEC R1 


r = 0-7 


;DECREMENT 
CONTENTS 
OF REG 1 


Encoding: 
I 0 0 0 1 10 1 0 1 I 
15H 


Description: 
External interrupts 
are disabled. A low signal on the interrupt 
input pin has 
no effect. 


Encoding: 
10 0 1 1 I 0 1 0 1 I 
35H 


Description: 
Timer/counter 
interrupts 
are disabled. Any pending timer interrupt 
request 
is cleared. The interrupt 
sequence is not initiated 
by an overflow, but the 


timer flag is set and time accumulation 
continues. 


DJNZ ~r' address 
Decrement 
Reglsier and Test 


Encoding: 
11 1 1 0 11 r r r I 
I a7 as a5 a4 1a3 a2 a1 aOI 
E8H-EFH 


Description: 
This is a 2-cycle instruction. 
Register 'r' is decremented, 
then tested for 
zero. If the register contains all zeros, program control 
falls through 
to the 


next instruction. 
If the register contents are not zero, control jumps to the 
specified 'address'. 


The address ·in this case must evaluate to 8-bits, that is, the jump must be 
to a location within the current 25S-location 
page. 


Example: 
(Rr) - 
(Rr) -1 
r = 0-7 


If Rr not 0 
(PCO-7) - 
addr 
Note: A 12-bit address specification 
does not cause an error if the 
DJNZ instruction 
and the jump target are on the same page. If the DJNZ 
instruction 
begins in location 255 of a page, it must jump to a target 
address on the following 
page. 


Example: 
Increment values in data memory locations 50-54. 


MOV RO,#50 
;MOVE '50' DEC TO ADDRESS 
;REG 0 
MOV R3,#5 
;MOVE '5' DEC TO COUNTER 
;REG3 
INCRT: 
INC @RO 
;INCREMENT 
CONTENTS 
OF 


;LOCATION 
ADDRESSED BY 


;REG 0 
INC RO 
;INCREMENT 
ADDRESS IN REG 0 
DJNZ R3, INCRT 
;DECREMENT REG 3 - 
JUMP TO 


;'INCRT' IF REG 3 NONZERO 
NEXT - 
;'NEXT' ROUTINE EXECUTED 
;IF R3 IS ZERO 


Encoding: 
10 0 0 0 10 1 0 1 I 
OSH 


Description: 
External interrupts 
are enabled. A low signal on the interrupt 
input pin 


initiates the interrupt 
sequence. 


Encoding: 
10 0 1 0 I 0 1 0 1 1 
2SH 


Description: 
Timer/counter 
interrupts 
are enabled. An overflow 
of the timer/counter 


initiates the interrupt 
sequence. 


Encoding: 
10 1 1 1 I 0 1 0 1 I 
7SH 


Description: 
The test 0 pin is enabled to act as the clock output. 
This function 
is 


disabled 
by a system reset. 


IN A,Pp 
Input Port or Data to Accumulator 


Encoding: 
10 0 0 0 11 0 P pi 
09H-OAH 


Description: 
This is a 2-cycle 
instruction. 
Data present on port 'p' is 


transferred 
(read) to the accumulator. 


Operation: 
(A) - 
(Pp) 
INP12: 
IN A,P1 
MOV R6,A 
IN A,P2 
MOV R7,A 


p = 1-2 
;INPUT PORT 1 CONTENTS 
TO ACC 
;MOVE ACC CONTENTS 
TO REG 6 
;INPUT PORT 2 CONTENTS 
TO ACC 
;MOVE ACC CONTENTS 
TO REG 7 


INC A 
Increment 
Accumulator 


Encoding: 
10 0 0 1 I 0 1 1 11 
17H 


Description: 
The contents 
of the accumulator 
are incremented 
by one. Carry is not 


affected. 


Operation: 
(A) - 
(A) +1 


Example: 
Increment 
contents 
of location 
100 in external data memory. 


INCA: 
MOV RO,#100 
;MOVE '100' DEC TO ADDRESS REG 0 


MOVX A,@RO 
;MOVE CONTENTS 
OF LOCATION 


;100 TO ACC 


INC A 
;INCREMENT 
A 
MOVX @RO,A 
;MOVE ACC CONTENTS 
TO 


;LOCATION 
101 


Encoding: 


Description: 


Operation: 


Example: 


10 0 0 1 11 r r r I 
18H-1 FH 


The contents 
of working 
register 'r' are incremented 
by one. 


(Rr) - 
(Rr) + 1 


INCRO: INC RO 


r = 0-7 


;INCREMENT 
CONTENTS 
OF REG 0 


IHe @R. Increment 
Data Memory 
Location 


Encoding: 
10 0 0 1 100 
0 i I 
10H-11H 


Description: 
The contents of the resident data memory location addressed by register 'i' bits 
0-5** are incremented by one. 


Operation: 
«Ri)) - 
«Ri)) 
+ 1 


Example: 
INCDM: 
MOV R1,#03FH 
INC@R1 


i = 0-1 


;MOVE ONES TO REG 1 
;INCREMENT 
LOCATION 
63 


Encoding: 
10 0 0 0 I 1 0 0 0 I 
08H 


Description: 
This is a 2-cycle instruction. 
Data present on the BUS port is transferred 
(read) to the accumulator 
when the RD pulse is dropped. 
(Refer to section 
on programming 
memory expansion 
for details.) 


Operation: 
(A) - 
(BUS) 


Example: 
INPBUS: 
INS A,BUS 


• For use with internal 
program 
memory 
ONLY . 
•• 0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 


0-7 
in 8050AH 


JBb address 
Jump If Accumulator 
Bit Is Set 


Encoding: Ib2 b1 bO 1 I 0 0 1 0 I 
I a] 
a6 a5 a4 Ia3 a2 a1 aO I 


Accumulator 
Bit 
Hex Op Code 
o 
12 
1 
32 
2 
52 
3 
72 
4 
92 
5 
B2 
6 
02 
7 
F2 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if 


accumulator 
bit 'b' is set to one. 


(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JB4IS1: 
JB4 NEXT 


b = 0-7 
If Bb = 1 
If Bb = 0 
;JUMP TO 'NEXT' ROUTINE 
;IF ACC BIT 4 = 1 


JC address 
Jump If Carry Is Set 


Encoding: 
11 1 1 1 I 0 1 1 0 I 
Ia7 a6 a5 a4 I a3 a2 a1 aO I 
F6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if the 


carry bit is set to one. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JC1: JC OVFLOW 


If C = 1 
If C = 0 


;JUMP TO 'OVFLOW' 
ROUTINE 
;IF C = 1 


JFO address 
Jump If Flag 0 Is Set 


Encoding: 
11 0 1 1 I 0 1 1 0 I 
Ia7 a6 a5 a4 Ia3 a2 a1 aO I 
B6H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if 


flag 0 is set to one. 


Operation: 
(PCO-7) - 
addr 
(PC) =(PC) + 2 


Example: 
JFOIS1: JFO TOTAL 


If FO = 1 
If FO = 0 


;JUMP TO 'TOTAL' 
ROUTINE 
IF FO= 1 


JF1 address 
Jump If Flag 1 Is Set 


Encoding: 
10 1 1 1 I 0 1 1 0 I 
1a7 a6 a5 a4 I a3 a2 a1 ao I 
76H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if 
flag 1 is set to one. 


Operation: 
(PCO-7) - 
addr 


(PC) =(PC + 2) 


Example: 
JF1IS1: 
JF1 FILBUF 


If F1 = 1 
If F1 = 0 


;JUMP TO 'FILBUF' 
;ROUTINE 
IF F1 = 1 


JMP address 
Direct Jump within 2K Block 


Encoding: IalO 
a9 a8 0 I 0 1 0 0I 
I a7 a6 a5 a41 a3 a2 a1 aOI 


Page 
Hex Op Code 


o 
04 
1 
24 
2 
44 


3 
64 
4 
84 


5 
A4 
6 
C4 


7 
E4 


Description: 
This is a 2-cycle 
instruction. 
Bits 0-10 of the program 
counter 
are replaced 
with the directly-specified 
address. The setting 
of PC bit 11 is 


determined 
by the most recent SELECT MB instruction. 


Operation: 
(PC8-10) 
- 
addr 8-10 


(PCO-7) - 
addr 0-7 


(PC11) - 
DBF 


Examplel 
JMP SUBTOT 
JMP $-6 


;JUMP TO SUBROUTINE 
'SUBTOT' 


;JUMP TO INSTRUCTION 
SIX 


;LOCATIONS 
BEFORE CURRENT 
;LOCATION 
;JUMP TO ADDRESS '2F' HEX 


JMPP @A 
Indirect Jump within Page 


Encoding: 
11 0 1 1 I 0 0 1 1 I 
B3H 


Description: 
This is a 2-cycle 
insruction. 
The contents 
of the program 
memory 
location 
pointed to by the accumulator 
are substituted 
for the 'page' portion 
of the 
program 
counter 
(PC bits 0-7). 


Operation: 
(PCO-7) - 
((A» 


Example: 
Assume accumulator 
contains OFH. 


JMPPAG: 
JMPP @A 
;JUMP TO ADDRESS STORED IN 
;LOCATION 
151N CURRENT PAGE 


JNC address 
Jump If Carry Is Not Set 


Encoding: 
11 1 1 0 I 0 1 1 0 I 
Ia7 a6 a5 a4 I a3 a2 a1 aOI 
E6H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified address if 


the carry bit is not set, that is, equals zero. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JCO: JNC NOVFLO 


If C = 0 
If C = 1 


;JUMP TO 'NOVFLO' ROUTINE 
;IF C = 0 


JNI address 
Jump If Interrupt 
Input Is Low 


Encoding: 
11 0 0 0 I 0 1 1 0 I 
Ia7 a6 a5 a4 I a3 a2 a1 aOI 
86H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified address if the 


interrupt 
input signal is low (= 0), that is, an external interrupt 
has been 


signaled. (This signal initiates an interrupt 
service sequence if the external 
interrupt 
is enabled.) 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
LOC 3: JNI EXTINT 


If 1= 0 
If I = 1 
;JUMP TO 'EXTINT' ROUTINE 
;IF I = 0 


JNTO address 
Jump If Test 0 Is Low 


Encoding: I 0 0 1 0 I 0 1 1 0 I 
Ia7 a6 a5 a41 a3 a2 a1 aOI 
26H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified address, if the 


test 0 signal is low. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JTOLOW: JNTO 60 


If TO = 0 
If TO = 1 


;JUMP TO LOCATION 
60 DEC 
;IF TO = 0 


JNT1 address 
Jump If Test 1 Is Low 


Encoding: 
10 1 0 0 I 0 1 1 0 I 
I a7 a6 as a4 I a3 a2 a1 aOI 
46H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified address, if 


the test 1 signal is low. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 
If T1 = 0 
H T1 = 1 


JNZ Address 
Jump If Accumulator 
Is Not Zero 


Encoding: 
11 0 0 1 I 0 1 1 0 I 
I a7 a6 as a4 I a3 a2 a1 aOI 
96H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified address if the 


accumulator 
contents are nonzero at the time this instruction 
is executed. 


Operation: 
(PCO-7) - 
addr 


(PC) = (PC) + 2 


Example: 
JACCNO: JNZ OASH 


If A¥-O 
If A = 0 


;JUMP TO LOCATION 
'AS' HEX 


;IF ACC VALUE IS NONZERO 


JTF address 
Jump If Timer Flag Is Set 


Encoding: I0 0 0 1 I 0 1 1 0 I 
Ia7 a6 as a4 1!3 
a2 a1 aOI 
16H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified address if the 
timer flag is set to one, that is, the timer/counter 
register has overflowed. 


Testing the timer flag resets it to zero. (This overflow 
initiates an interrupt 
service sequence if the timer-overflow 
interrupt 
is enabled.) 


Operation: 
(PCO-7) - 
addr 


(PC) = (PC) + 2 


Example: 
JTF1: JTF TIMER 


IfTF = 1 
If TF = 0 


;JUMP TO 'TIMER' ROUTINE 
;IFTF=1 


10 0 1 1 I 0 1 1 0 I 
I a7 a6 as a41 a3 a2 a1 aO I 
36H 


This is a 2-cycle instruction. 
Control 
passes to the specified address if 


the test 0 signal is high (= 1). 


(PCO-7) - 
addr 


(PC) = (PC) + 2 


JTOHI: JTO S3 


If TO = 1 
If TO = 0 


;JUMP TO LOCATION 
S3 DEC 
;IF TO = 1 


Encoding: 


Description: 


JT1 address 
Jump If Test 1 Is High 


Encoding: I 0 1 0 1 I 0 1 1 0 I 
I a7 a6 as a4! 
a3 a2 a1 aOI 
S6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if the 


test 1 signal is high (= 1). 


Operation: 
(PCO-7) -- 
addr 


(PC) = (PC) + 2 


Example: 
JT1 HI: JT1 COUNT 


If T1 = 1 
If T1 = 0 


;JUMP TO 'COUNT' 
ROUTINE 
;IF T1 = 1 


JZ address 
Jump If Accumulator 
Is Zero 


Encoding: 
11 1 0 0 I 0 1 1 0 I 
I a7 a6 as a4 I a3 a2 a1 aOI 
C6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if 
the accumulator 
contains 
all zeros at the time this instruction 
is executed. 


Operation: 
(PCO-7) -- 
addr 


(PC) = (PC) + 2 


Example: 
JACCO: 
JZ OA3H 


If A = 0 
If A '1" 1 


;JUMP TO LOCATION 
'A3' HEX 
;IF ACC VALUE IS ZERO 


Mav 
A,#data 
Move Immediate 
Data to Accumulator 


Encoding: I 0 0 1 0 I 0 0 1 1 I 
I a7 a6 as a4 I a3 a2 a1 aOI 
23H 


Description: 
This is a 2-cycle instruction. 
The 8-bit value specified 
by 'data' is loaded 
in the accumulator. 


Operation: 
(A) -- 
data 


Example: 
MOV A,#OA3H 


Encoding: 


Description: 


Operation: 


Example: 


11 1 0 0 I 0 1 1 1 I 
C7H 


The contents 
of the program status word are moved to the accumulator. 


(A) -- 
(PSW) 


Jump to 'RB1SET' routine 
if PSW bank switch, bit 4, is set. 


BSCHK: 
MOV A,PSW 
;MOVE PSW CONTENTS 
TO ACC 


JB4 RB1SET 
;JUMP TO 'RB1SET' IF ACC BIT 4 = 1 


MOV A,Rr 
Move Register Contents to Accumulator 


Encoding: 
11 1 1 1 11 r r r I 
F8H-FFH 


Description: 
8-bits of data are removed from working 
register 'r' into the accumulator. 


Operation: 
(A) - 
(Rr) 
r = 0-7 


Example: 
MAR: MOV A,R3 
;MOVE CONTENTS 
OF REG 3 TO ACC 


MOV A,@Ri 
Move Data Memory Contents to Accumulator 


Encoding 
11 1 1 1 I 0 0 0 i I 
FOH-F1H 


Description: 
The contents of the resident data memory location addressed by bits 0-5** of 
register 'j' are moved to the accumulator. Register 'j' contents are unaffected. 


Operation: 
(A) - 
«Ri» 


Example: 
Assume R1 contains 00110110. 
MADM: 
MOV A,@R1 
;MOVE CONTENTS 
OF DATA MEM 
;LOCATION 
54 TO ACC 


MOV A,T 
Move Timer/Counter 
Contents to Accumulator 


Encoding: I 0 1 0 0 I 0 0 1 0 I 
42H 


Description: 
The contents of the timer/event-counter 
register are moved to the 
accumulator. 


Operation: 
(A) - 
(T) 


Example: 
Jump to "EXIT" routine when timer reaches '64', that is, when bit 6 set- 
assuming initialization 
64, 
TIMCHK: 
MOV A,T 
JB6 EXIT 


;MOVE TIMER CONTENTS 
TO ACC 
;JUMP TO 'EXIT' IF ACC BIT 6 = 1 


MOV PSW,A 
Move Accumulator 
Contents to PSW 


Encoding: 
11 1 0 1 I 0 1 1 1 I 
D7H 


Description: 
The contents of the accumulator 
are moved into the progam status word. 


All condition 
bits and the stack pointer are affected by this move. 


Operation: 
(PSW) - 
(A) 


Example: 
Move up stack pointer by two memory locations, 
that is, increment the 
pointer by one. 
INCPTR: 
MOV A,PSW 
INCA 
MOV PSW,A 


;MOVE PSW CONTENTS 
TO ACC 
;INCREMENT 
ACC BY ONE 


;MOVE ACC CONTENTS TO PSW 
··0-5 
in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 8050AH 


MOV Rr,A 
Move Accumulator 
Contents to Register 


Encoding: 
11 0 1 0 11 r r r I 
A8H-AFH 


Description: 
The contents 
of the accumulator 
are moved to register 'r'. 


Operation: 
(Rr) - 
(A) 
r = 0-7 


Example: 
MRA: 
MOV RO,A 
;MOVE CONTENTS 
OF ACC TO REG 0 


MOV Rr,#data 
Move Immediate 
Data to Register. 
_ 


Encoding: 
11 0 1 1 11 
r2 r1 rOI 
I d7 d6 d5 d4 I d3 d2 d1 dO I 
B8H-BFH 


Description: 
This is a 2-cycle 
instruction. 
The 8-bit value specified 
by 'data' is moved to 
register 'r'. 


Operation: 
(Rr) - 
data 


Examples: 
MIR4: 
MOV R4,#HEXTEN 


r = 0-7 


;THE VALUE OF THE SYMBOL 
;'HEXTEN' 
IS MOVED INTO REG 4 
;THE VALUE OF THE EXPRESSION 
;'PI*(R*R)' 
IS MOVED INTO REG 5 
;'AD' HEX IS MOVED INTO REG 6 


MOV @ RI,A 
Move Accumulator 
Contents to Data Memory 


Encoding: 
11 0 1 010 
0 0 i I 
AOH-A1H 


Description: 
The contents 
of the accumulator 
are moved to the resident data memory 
location 
whose address is specified 
by bits 0-5** of register 'i'. Register 'i' 


contents 
are unaffected. 


Operation: 
«Ri» - 
(A) 


Example: 
Assume ROcontains 
00000111. 


MDMA: 
MOV @RO.A 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
7 (REG 7) 


MOV @ Rj,#data 
Move Immediate Data to Data memory 


Encoding: 
11 0111000 
i I 
I d7 d6 d5 d4 I d3 d2 d1 dol 
BOH-B1H 


Description: 
This is a 2-cycle instruction. The 8-bit value specified by 'data' is moved 
to the resident data memory location addressed by register 'i', bits 0-5**. 


Operation: 
«Ri» - 
data 
i = 0-1 


Examples: 
Move the hexadecimal 
value AC3F to locations 
62-63. 
MIDM: 
MOV RO,#62 
;MOVE '62' DEC TO ADDR REG 0 


MOV @RO,#OACH 
;MOVE 'AC' HEX TO LOCATION 
62 


INC RO 
;INCREMENT 
REG 0 to '63' 


MOV @RO,#3FH 
;MOVE '3F' HEX TO LOCATION 
63 


** 0-5 
in 8048AH/8748H 
0-6 
in 8049AHl8749H 


0-7 
in 8050AH 


MOV T,A 
Move Accumulator 
Contents to Timer/Counter 


Encoding: I 0 1 1 0 I 0 0 1 0 I 
62H 


Description: 
The contents 
of the accumulator 
are moved to the timer/event-counter 
register. 


Operation: 
(T) - 
(A) 


Example: 
Initialize 
and start event counter. 
INITEC: 
CLR A 
MOV T,A 
START CNT 


;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO EVENT COUNTER 
;START COUNTER 


MOVD 
A,Pp 
Move Port 4-7 Data to Accumulator 


Encoding: I 0 0 0 0 11 1 P P I 
OCH-OFH 


Description: 
This is a 2-cycle instruction. 
Data on 8243 port 'p' is moved (read) to 


accumulator 
bits 0-3. Accumulator 
bits 4-7 are zeroed. 


Operation: 
(O-3) - 
(Pp) 


(4-7) - 
0 


Note: Bits 0-7 of the opcode are used to represent 
ports 4-7. 
If you are 
coding 
in binary rather than assembly language, the mapping 
is as 


follows: 


Bits 1 0 
Port 


00 
4 
01 
5 
10 
6 
1 1 
7 


Example: 
INPPT5: 
MOVD A,P5 
;MOVE PORT 5 DATA TO ACC 
;BITS 0-3, ZERO ACC BITS 4-7 


MOVD 
Pp,A 
Move Accumulator 
Data to Port 4-7 


Encoding: I 0 0 1 1 11 1 P P I 
3CH-3FH 


Description: 
This is a 2-cycle instruction. 
Data in accumulator 
bits 0-3 is moved 


(written) 
to 8243 port 'p'. Accumulator 
bits 4-7 are unaffected. 
(See NOTE 
above regarding 
port mapping.) 


Operation: 
(Pp) - 
(AO-3) 
P = 4-7 


Example: 
Move data in accumulator 
to ports 4 and 5. 


OUTP45: 
MOVD P4,A 
SWAP A 
MOVD P5,A 


;MOVE ACC BITS 0-3 TO PORT 4 
;EXCHANGE 
ACC BITS 0-3 and 4-7 
;MOVE ACC BITS 0-3 TO PORT 5 


MOVP A,@A 
Move Current 
Page Data to Accumulator 


Encoding: 
11 0 1 0 I 0 0 1 1 I 
A3H 


Description: 
The contents of the program memory location addressed by the 
accumulator 
are moved to the accumulator. 
Only bits 0-7 of the program 


counter are affected, limiting the program memory reference to the 
current page. The program counter is restored following 
this operation. 


Operation: 
(PCO-7) - 
(A) 
(A) - 
«PC)) 
Note: This is a 1-byte, 2-cycle instruction. 
If it appears in location 255 of a 
program memory page, @A addresses a location in the following 
page. 


Example: 
MOV128: MOV A,#128 
MOVPA,@A 
;MOVE '128' DEC TO ACC 
;CONTENTS OF 129th LOCATION 
IN 


;CURRENT PAGE ARE MOVED TO ACC 


MOVP3 
A,@A 
Move Page 3 Data to Accumulator 


Encoding: 
11 1 1 0 I 0 0 1 1 I 
E3H 


Description: 
This is a 2-cycle instruction. 
The contents of the program memory location 
(within page 3) addressed by the accumulator 
are moved to the 
accumulator. 
The program counter is restored following 
this operation. 


Operation: 
(PCO-7) - 
(A) 
(PC8-11) - 
0011 
(A) - 
«PC)) 


Example: 
Look up ASCII equivalent of hexadecimal 
code in table contained 
at the 


beginning 
of page 3. Note that ASCII characters are designated 
by a 


7-bit code; the eighth bit is always reset. 
TABSCH: 
MOV A,#OB8H 
;MOVE 'B8' HEX TO ACC (10111000) 


ANL A,#7FH 
;LOGICAL AND ACC TO MASK BIT 
;7 (00111000) 
MOVP3 A,@A 
;MOVE CONTENTS OF LOCATION '38' 
;HEX IN PAGE 3 TO ACC (ASCII '8') 


Access contents of location in page 3 labelled TAB1. 
Assume current program location is not in page 3. 
TABSCH: 
MOV A,#LOW TAB 1 
;ISOLATE BITS 0-7 OF LABEL 
;ADDRESS VALUE 
MOVP3 A,@A 
;MOVE CONTENTS OF PAGE 3 
;LOCATION 
LABELED 'TAB1' TO ACC 


MOVX A,@Rj 
Move External-Data-Memory 
Contents to Accumulator 


Encoding: 
11 0 0 0 I 0 0 0 i I 
80H-81 H 


Description: 
This is a 2-cycle instruction. 
The contents of the external data memory 
location addressed by register 'i' are moved to the accumulator. 
Register 'i' 


contents are unaffected. 
A read pulse is generated. 


Operation: 
(A) - 
((Ri)) 


Example: 
Assume R1 contains 01110110. 
MAXDM: 
MOVX A,@R1 
;MOVE CONTENTS 
OF LOCATION 
;118TOACC 


MOVX @Rj,A 
Move Accumulator Contents to External Data Memory 


Encoding: 
11 0 0 1 I 0 0 0 i I 
90H-91 H 


Description: 
This is a 2-cycle instruction. 
The contents of the accumulator 
are moved to 
the external data memory location addressed by register 'i'. Register 'i' 
contents are unaffected. 
A write pulse is generated. 


Operation: 
((Ri)) - 
A 


Example: 
Assume ROcontains 11000111. 
MXDMA: 
MOVX @RO,A 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
199 IN EXPANDED 
;DATA MEMORY 


NOP 
The NOP Instruction 


Encoding: 
10 0 0 0 I 0 0 0 0 I 
OOH 


Description: 
No operation 
is performed. 
Execution continues 
with the following 
instruction. 


ORL A,Rr 
Logical OR Accumulator 
With Register Mask 


Encoding: 
I 0 1 0 0 11 r r r I 
48H-4FH 


Description: 
Data in the accumulator 
is logically 
ORed with the mask contained 
in 
working 
register 'r'. 


Operation: 
(A) - 
(A) OR (Rr) 


Example: 
ORREG: ORL A,R4 


r = 0-7 


;'OR' ACC CONTENTS 
WITH 
;MASK IN REG 4 


ORL A,@RI 
Logical OR Accumulator 
With Memory 
Mask 


Encoding: 
10 1 0 0 10 0 0 i I 
40H-41H 


Description: 
Data in the accumulator is logically ORed with the mask contained in the 
resident data memory location referenced by register "i", bits O-S**. 


Operation: 
(A) - 
(A) OR ((Ri)) 
i = 0-1 


Example: 
ORDM: 
MOV RO,#3FH 
;MOVE '3F' HEX TO REG 0 
ORL A,@RO 
;'OR' AC CONTENTS 
WITH MASK 


;IN LOCATION 
63 


ORL A,#data 
Logical OR Accumulator 
With Immediate 
Mask 


Encoding: 
10 1 0 0 I 0 0 1 1 I 
Id7 d6 dS d4 I d3 d2 d1 dOI 
43H 


Description: 
This is a 2-cycle instruction. 
Data in the accumulator 
is logically 
ORed with 
an immediately-specified 
mask. 


Operation: 
(A) - 
(A) OR data 


Example: 
ORID: 
ORL A,#'X' 
;'OR' ACC CONTENTS 
WITH MASK 
;01011000 (ASCII VALUE OF 'X') 


ORL BUS,#data* 
Logical OR BUS With Immediate 
Mask 


Encoding: 
11 0 0 0 11 0 0 0 I 
Id7 d6 dS d4 1 d3 d2 d1 dOI 
88H 


Description: 
This is a 2-cycle 
instruction. 
Data on the BUS port is logically 
ORed with an 


immediately-specified 
mask. This instruction 
assumes prior specification 


on an 'OUTL BUS,A' instruction. 


Operation: 
(BUS) - 
(BUS) OR data 


Example: 
ORBUS: 
ORL BUS,#HEXMSK 
:'OR' BUS CONTENTS 
WITH MASK 
;EQUAL VALUE OF SYMBOL 'HEXMSK' 


ORL Pp, #data 
Logical OR Port 1 or 2 With Immediate 
Mask 


Encoding: 
11 0 0 0 11 0 P pi 
I d7 d6 dS d4 I d3 d2 d1 dOI 
89H-8AH 


Description: 
This is a 2-cycle instruction. 
Data on port 'p' is logically 
ORed with an 


immediately-specified 
mask. 


Operation: 
(Pp) - 
(Pp) OR data 


Example: 
ORP1: ORL P1, #OFFH 


p = 1-2 


;'OR' PORT 1 CONTENTS 
WITH MASK 
;'FF' HEX (SET PORT 1 TO ALL ONES) 


• For use with internal 
program 
memory 
ONLY . 


•• 0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 


0-7 
in 8050AH 


ORLD Pp,A 
Logical OR Port 4-7 With Accumulator 
Mask 


Encoding: 
11 0 0 0 11 1 P P I 
8CH-8FH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ORed with the 
digit mask contained 
in accumulator 
bits 0-3. 


Operation: 
(Pp) - 
(Pp) OR (AO-3) 


Example: 
ORP7: ORLD P7,A 


p = 4-7 


;'OR' PORT 7 CONTENTS 
WITH ACC 
;BITS 0-3 


OUTL 
BUS,A* 
Output Accumulator 
Data to BUS 


Encoding: ro=o~ 0 0 1 0 I 
02H 


Description: 
This is a 2-cycle 
instruction. 
Data residing 
in the 


accumulator 
is transferred 
(written) 
to the BUS port and 


latched. The latched data remains valid until altered by 
another OUTL instruction. 
Any other instruction 
requiring 


use of the BUS port (except INS) destroys the contents 
of 


the BUS latch. This includes expanded 
memory operations 
(such as the MOVX instruction). 
Logical operations 
on 


BUS data (AND, OR) assume the OUTL BUS,A instruction 
has been issued previously. 


Operation: 
(BUS) - 
(A) 


Example: 
OUTLBP: 
OUTL BUS, A 


OUTL 
Pp,A 
Output Accumulator 
Data to Port 1 or 2 


Encoding: I 0 0 1 1 11 0 P pi 
39H-3AH 


Description: 
This is a 2-cycle 
instruction. 
Data residing 
in the accumulator 
is transferred 
(written) 
to port 'p' and latched. 


Operation: 
(Pp) - 
(A) 


Example: 
OUTLP: 
MOV A,R7 
OUTL P2,A 
MOVA, 
R6 


OUTL P1,A 


p = 1-2 


;MOVE REG 7 CONTENTS 
TO ACC 
;OUTPUT ACC CONTENTS 
TO PORT 2 
;MOV REG 6 CONTENTS 
TO ACC 
;OUTPUT ACC CONTENTS 
TO PORT 1 


RET 
Return Without 
PSW Restore 


Encoding: 
11 0 0 0 I 0 0 1 11 
83H 


Description: 
This is a 2-cycle instruction. 
The stack pointer 
(PSW bits 0-2) is 
decremented. 
The program counter 
is then restored from the stack. PSW 


bits 4-7 are not restored. 


Operation: 
(SP) - 
(SP)-1 
(PC) - 
((SP)) 


RETR 
Return with PSW Restore 


Encoding: 
11 0 0 1 I 0 0 1 1 I 
93H 


Description: 
This is a 2-cycle instruction. 
The stack pointer is decremented. 
The 
program counter 
and bits 4-7 of the PSW are then restored from the stack. 


Note that RETR should be used to return from an interrupt, 
but should 


not be used within the interrupt 
service routine as it signals the end of an 


interrupt 
routine by resetting the Interrupt 
in Progress flip-flop. 


Operation: 
(SP) - 
(SP)-1 
(PC) - 
((SP)) 
(PSW 4-7) - 
((SP)) 


RL A 
Rotate Left without Carry 


Encoding: 
11 1 1 0 I 0 1 1 1 I 
E7H 


Description: 
The contents 
of the accumulator 
are rotated left one bit. Bit 7 is rotated 
into the bit 0 position. 


Operation: 
(An + 1) - 
(An) 
(AO) - 
(A7) 


Example: 
Assume accumulator 
contains 
10110001. 
RLNC: 
RL A 
;NEW ACC CONTENTS 
ARE 01100011 


RLC A 
Rotate Left through 
Carry 


Encoding: 
11 1 1 1 I 0 1 1 1 I 
F7H 


Description: 
The contents 
of the accumulator 
are rotated left one bit. Bit 7 replaces the 
carry bit; the carry bit is rotatd into the bit 0 position. 


Operation: 
(An + 1) - 
(An) 
n = 0-6 
(AO) - 
(C) 
(C) - 
(A7) 


Example: 
Assume accumulator 
contains 
a 'signed' 
number; isolate sign without 
changing 
value. 


RLTC: CLR C 
;CLEAR CARRY TO ZERO 
RLC A 
;ROTATE ACC LEFT, SIGN 
;BIT (7) IS PLACED IN CARRY 
RR A 
;ROTATE ACC RIGHT - 
VALUE 
;(BITS 0-6) IS RESTORED, 
;CARRY UNCHANGED, 
BIT 7 
;IS ZERO 


RR A 
Rotate Right without Carry 


Encoding: I0 1 1 1 I 0 1 1 1 I 
77H 


Description: 
The contents 
of the accumulator 
are rotated right one bit. Bit 0 is rotated 
into the bit 7 position. 


Operation: 
(An) - 
(An + 1) 
(A7) - 
(AO) 


Example: 
Assume accumulator 
contains 
10110001. 


RRNC: 
RR A 
;NEW ACC CONTENTS 
ARE 11011000 


RRC A 
Rotate Right through 
Carry 


Encoding: 
I 0 1 1 0 I 0 1 1 1I 
67H 


Description: 
The contents 
of the accumulator 
are rotated right one bit. Bit 0 replaces the 
carry bit; the carry bit is rotated into the bit 7 position. 


Operation: 
(An) - 
(An + 1) 
n = 0-6 
(A7) - 
(C) 
(C) - 
(AO) 


Example: 
Assume carry is not set and accumulator 
contains 
10110001. 
RRTC: RRC A 
;CARRY IS SET AND ACC 
;CONTAINS 
01011000 


SEL MBO 
Select Memory 
Bank 0 


Encoding: 
11 1 1 0 I 0 1 0 1 I 
E5H 


Description: 
PC bit 11 is set to zero on next JMP or CALL instruction. 
All references to 
program 
memory addresses fall within the range 0-2047. 


Operation: 
(DBF) - 
0 


Example: 
Assume program counter contains 
834 Hex. 


SEL MBO 
;SELECT MEMORY BANK 0 
JMP $+20 
;JUMP TO LOCATION 
58 HEX 


SEL MB1 
Select Memory 
Bank 1 


Encoding: 
11 1 1 1 I 0 1 0 1 I 
F5H 


Description: 
PC bit 11 is set to one on next JMP or CALL instruction. 
All references to 
program 
memory addresses fall within the range 2048-4095. 


Operation: 
(DBF) - 
1 


SEL RBO 
Select Register Bank 0 


Encoding: !1 1 0 0 I 0 1 0 1 I 
C5H 


Description: 
PSW bit 4 is set to zero. References to working 
registers 0-7 address data 
memory locations 0-7. This is the recommended 
setting for normal 
program execution. 


Operation: 
(BS) - 
0 


SEL RB1 
Select Register Bank 1 


Encoding: 
11 1 0 1 I 0 1 0 1 I 
D5H 


Description: 
PSW bit 4 is set to one. References to working 
registers 0-7 address data 
memory locations 24-31. This is the recommended 
setting for interrupt service 
routines, since locations 0-7 are left intact. The setting of PSW bit 4 in 
effect at the time of an interrupt 
is restored by the RETR instruction 
when 
the interrupt 
service routine is completed. 


Operation: 
(BS) - 
1 


Example: 
Assume an external interrupt 
has occurred, 
control 
has passed to program 
memory location 3, and PSW bit 4 was zero before the interrupt. 


SEL RBi 
MOV R7,#OFAH 


;JUMP TO ROUTINE 'INIT' IF 
;INTERRUPT 
INPUT IS ZERO 


;MOVE ACC CONTENTS 
TO 


;LOCATION 
7 


;SELECT REG BANK 1 
;MOVE 'FA' HEX TO LOCATION 
31 


SEL RBO 
MOVA,R7 
RETR 


;SELECT REG BANK 0 
;RESTORE ACC FROM LOCATION 
7 


;RETURN - 
RESTORE PC AND PSW 


STOP TCNT 
Stop Timer/Event-Counter 


Encoding: I 0 1 1 0 I 0 1 0 1 I 
65H 


Description: 
This instruction 
is used to stop both time accumulation 
and event counting. 


Example: 
Disable interrupt, 
but jump to interrupt 
routine after eight overflows 
and 
stop timer. Count overflows 
in register 7. 


START: 
DIS TCNTI 
CLR A 
MOVT,A 
MOV R7,A 
STRT T 
MAIN: 
JTF COUNT 


JMP MAIN 
COUNT: 
INC R7 
MOV A,R7 
JB31NT 


INT: STOP TCNT 
JMP7H 


;DISABLE TIMER INTERRUPT 
;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO TIMER 
;MOVE ZEROS TO REG 7 
;START TIMER 
;JUMP TO ROUTINE 'COUNT' 
;IF TF = 1 AND CLEAR TIMER FLAG 
;CLOSE LOOP 
;INCREMENT 
REG 7 
;MOVE REG 7 CONTENTS 
TO ACC 


;JUMP TO ROUTINE 'INT' IF ACC 
;BIT 3 IS SET (REG 7 = 8) 
;OTHERWISE 
RETURN TO ROUTINE 
;MAIN 


;STOP TIMER 
;JUMP TO LOCATION 
7 (TIMER) 
;INTERRUPT 
ROUTINE 


Encoding: 


Description: 
I 0 1 0 0 I 0 1 0 1 I 
45H 


The test 1 (T1) pin is enabled as the event-counter 
input and the counter 
is started. The event-counter 
register is incremented 
with each high-to-Iow 
transition 
on the T1 pin. 


Initialize 
and start event counter. Assume overflow 
is desired with first T1 
input. 
STARTC: 
EN TCNTI 
MOV A,#OFFH 
MOVT,A 
STRT CNT 


;ENABLE COUNTER 
INTERRUPT 


;MOVE 'FF'HEX (ONES) TO ACC 
;MOVES ONES TO COUNTER 
;ENABLE T1 AS COUNTER 
;INPUT AND START 


STRT T 
Start Timer 


Encoding: 
10 1 0 1 I 0 1 0 1 I 
55H 


Description: 
Timer accumulation 
is initiated 
in the timer register. The register is 


incremented 
every 32 instruction 
cycles. The prescaler which counts the 
32 cycles is cleared but the timer register is not. 


Example: 
Initialize and start timer. 


STARTT: 
CLR A 
MOVT,A 
EN TCNTI 
STRT T 


;CLEAR ACC TO ZEROS 
;MO\lE ZEROS TO TIMER 
;ENABLE TIMER INTERRUPT 
;START TIMER 


Encoding: 


Description: 


Operation: 


Example: 


10 1 0 0 I 0 1 1 1 I 
47H 


Bits 0-3 of the accumulator 
are swapped with bits 4-7 of the accumulator. 


(A4-7) ~ 
(AO-3) 


Pack bits 0-3 of locations 
50-51 into location 
50. 


PCKDIG: 
MOV RO,#50 
;MOVE '50' DEC TO REG 0 


MOV R1, #51 
;MOVE '51' DEC TO REG 1 


XCHD A,@RO 
;EXCHANGE 
BITS 0-3 OF ACC 


;AND LOCATION 
50 


;SWAP BITS 0-3 AND 4-7 OF ACC 
;EXCHANGE 
BITS 0-3 OF ACC AND 
;LOCATION 
51 


;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
50 


SWAP A 
XCHD A,@R1 


XCH A,Rr 
Exchange 
Accumulator-Register 
Contents 


Encoding: 
10 0 1 0 11 r r r I 
28H-2FH 


Description: 
The contents 
of the accumulator 
and the contents 
of working 
register 'r' 
are exchanged. 


Operation: 
(A) ~ 
(Rr) 
r = 0-7 


Example: 
Move PSW contents to Reg 7 without 
losing accumulator 
contents. 
XCHAR7: 
XCH A,R7 
;EXCHANGE 
CONTENTS 
OF REG 7 
;AND ACC 
;MOVE PSW CONTENTS 
TO ACC 


;EXCHANGE 
CONTENTS 
OF REG 7 


'AND ACC AGAIN 


MOVA, 
PSW 


XCH A,R7 


Encoding: 


Description: 


10 0 1 0 I 0 0 0 i I 


The contents of the accumulator 
and the contents of the resident data 
memory location addressed by bits 0-5** of register 'i' are exchanged. 
Register 'i' contents are unaffected. 


Operation: 
(A) ~ 
((Ri)) 
i = 0-1 


Example: 
Decrement contents of location 52. 
DECS2: MOV RO,#S2 
;MOVE '52' DEC TO ADDRESS REG 0 


XCH A,@RO 
;EXCHANGE CONTENTS 
OF ACC 
;AND LOCATION 
52 
;DECREMENT ACC CONTENTS 
;EXCHANGE CONTENTS 
OF ACC 


;AND LOCATION 
52 AGAIN 


DECA 
XCH A,@RO 


XCHD A,@RI 
Exchange Accumulator 
and Data Memory 4-81t Data 


Encoding: 
10 0 1 1 I 0 0 0 i 1 
30H-31 H 


Description: 
This instruction 
exchanges bits 0-3 of the accumulator 
with bits 0-3 of 


the data memory location addressed by bits 0-5** of register 'i'. Bits 4-7 of 
the accumulator, 
bits 4-7 of the data memory location, and the contents 
of 
register 
'j' are unaffected. 


Operation: 
(AO-3) ~ 
((RiO-3)) 
i = 0-1 


Example: 
Assume program counter contents have been stacked in locations 22-23. 


XCHNIB: 
MOV RO,#23 
CLRA 
XCHD A,@RO 


;MOVE '23' DEC TO REG 0 
;CLEAR ACC TO ZEROS 
;EXCHANGE BITS 0-3 OF ACC AND 
;LOCATION 
23 (BTS 8-11 OF PC ARE 
;ZEROED, ADDRESS REFERS 
:TO PAGE 0) 


XRL A,Rr 
Logical XOR Accumulator 
With Register Mask 


Encoding: 
11 1 0 1 11 r r r I 
D8H-DFH 


Description: 
Data in the accumulator 
is EXCLUSIVE ORed with the mask contained 
in 


working 
register 'r'. 


Operation: 
(A) - 
(A) XOR (Rr) 


Example: 
XORREG: XRL A,RS 


r = 0-7 


;'XOR' ACC CONTENTS 
WITH 
;MASK IN REG 5 


··0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 


0-7 
in 8050AH 


XRL A,@Ri 
Logical XOR Accumulator 
With Memory 
Mask 


Encoding: 
11 1 0 1 I 0 0 0 i I 
DOH-D1 H 


Description: 
Data in the accumulator 
is EXCLUSIVE ORed with the mask contained in the 
data memory location addressed by register 'i', bits 0-5.** 


Operation: 
(A) - 
(A) XOR «Ri)) 


Example: 
XORDM: 
MOV R1,#20H 
XRL A,@R1 


i = 0-1 


;MOVE '20' HEX TO REG 1 
;'XOR' ACC CONTENTS 
WITH MASK 
;IN LOCATION 
32 


XRL A,#data 
Logical XOR Accumulator 
With Immediate 
Mask 


Encoding: 
11 1 0 1 I 0 0 1 1 I 
Id7 dS d5 d4 I d3 d2 d1 dOI 
D3H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is EXCLUSIVE 
ORed 
with an immediately-specified 
mask. 


Operation: 
(A) - 
(A) XOR data 


Example: 
XORID: 
XOR A.#HEXTEN 
;XOR CONTENTS 
OF ACC 
WITH 
MASK 
;EQUAL VALUE OF SYMBOL 
'HEXTEN' 
··0-5 
in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 80SOAH 


I~ 


8243 


MCS®-48 INPUT/OUTPUT 
EXPANDER 


P50 
Vcc 


PORT 5 
P40 
PSl 


1'41 
PS2 


1'42 
PS3 


PORT 2 
1'43 
P60 


CS 
P61 


PROG 
P62 


P23 
P63 
PORT 6 
P22 
P73 


P21 
P72 


P20 
P71 


GNO 
P70 


PORT 7 


Figure 2. 8243 


Pin Configuration 


Figure 1. 8243 
Block Diagram 


Symbol 
Pin No. 
Function 


PROG 
7 
Clock Input. A high to low transi- 
tion on PROG signifies that ad- 
dress and control are available on 
P20-P23,and a low to high transi- 
tion signifies that data is available 
on P20-P23. 
CS 
6 
Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 
P20-P23 
11-8 
Four (4) bit bi-directional port con- 
tains the address and control bits 
on a high to low transition of 
PROG. During a low to high tran- 
sition contains the data for a sel- 
ected output port if a write opera- 
tion, or the data from a selected 
port before the low to high transi- 
tion if a read operation. 
GND 
12 
o volt supply. 
P40-P43 
2-5 
Four (4) bit bi-directional I/O norts. 
P50-P53 1,23-21 
May be programmed to be input 
P60-P63 
20-17 
(during read), low impedance 
P70-P73 
13-16 
latched output (after write), or atri- 
state (after read). Data on pins 
P20-P23may be directly written, 
ANDed or ORed with previous 
data. 


VCC 
24 
+5 volt supply. 


FUNCTIONAL 
DESCRIPTION 


General 
Operation 


The 8243 contains 
four 4-bit I/O ports which serve 
as an extension 
of the on-chip 
I/O and are ad- 


dressed as ports 4-7, The following 
operations 
may 
be performed 
on these ports: 


• Transfer 
Accumulator 
to Port. 


• Transfer 
Port to Accumulator. 


• AND Accumulator 
to Port. 
• OR Accumulator 
to Port. 


All communication 
between the 8048 and the 8243 
occurs over Port 2 (P20-P23) with timing 
provided 
by an output 
pulse on the PROG pin of the proces- 


sor. Each transfer consists of two 4-bit nibbles: 


The first containing 
the "op code" and port address 
and the second containing 
the actual 4-bits of data, 
A high to low transition 
of the PROG line indicates 


that address is present while a low to high transition 
indicates 
the presence 
of data. Additional 
8243's 
may be added to the 4-bit bus and chip selected 
using additional 
output 
lines from the 8048/8748/ 


8035. 


Power On Initialization 


Initial 
application 
of power 
to the device 
forces 


input/output 
ports 4, 5, 6, and 7 to the tri-state 
and 


port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first 
high to low transition 
of PROG causes device to 
exit 
power 
on mode. 
The power 
on sequence 
is 


initiated 
if VCC drops below 1V. 


Address 
Instruction 


P21 
P20 
Code 
P23 
P22 
Code 


0 
0 
Port 4 
0 
0 
Read 
0 
1 
Port 5 
0 
1 
Write 
1 
0 
Port 6 
1 
0 
ORLD 


1 
1 
Port 7 
1 
1 
ANLD 


Write Modes 


The device has three write modes. MOVD Pi, A dir- 
ectly writes new data into the selected port and old 
data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, A 
takes new data, AND's it with the old data and then 
writes 
it to the port. Operation 
code and port ad- 


dress are latched from the input port 2 on the high 
to low transition 
of the PROG pin. On the low to high 
transition 
of PROG data on port 2 is transferred 
to 


the logic block of the specified 
output 
port. 


After the logic manipulation 
is performed, 
the data 


is latched 
and outputed. 
The old 
data 
remains 


latched until new valid outputs 
are entered. 


Read Mode 


The device has one read mode. The operation 
code 
and port add ress are latched from the input port 2 on 
the high to low transition 
of the PROG pin. As soon 
as the read operation and port address are decoded, 
the appropriate 
outputs are tri-stated, 
and the input 
buffers switched on. The read operation 
is termina- 


ted by a low to high transition 
of the PROG pin. The 
port (4, 5, 6 or 7) that was selected is switched to the 
tri-stated 
mode while port 2 is returned to the input 
mode. 


Normally, a port will be in an output (write mode) or 
input 
(read mode). 
If modes are changed 
during 


operation, 
the first 
read following 
a write should 


be ignored; all following 
reads are valid. This is to 
allow the external 
driver on the port to settle after 


the first 
read instruction 
removes the low imped- 


ance drive from the 8243 output. 
A read of any port 
will leave that port in a high impedance 
state. 


inter 


"NOTICE: 
Stresses 
above 
those 
listed 
under 
"Absolute 


Maximum 
Ratings" 
may cause 
permanent 
damage 
to the 
device. 
This is a stress 
rating 
only 
and 
functional 
opera- 


tion 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of this specifi- 


cation 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 


reliability. 


Ambient 
Temperature 
Under Bias. 
. . . . . .. 
0° C to 70° C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on Any Pin 
With Respect to Ground 
-0.5 V to +7V 


Power Dissipation 
1 Wall 


Symbol 


Test 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


Vil 
Input low 
Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC+0.5 
V 


Vall 
Output 
low 
Voltage 
Ports 4-7 
0.45 
V 
IOl 
= 4.5 mA" 


VOl2 
Output 
low 
Voltage 
Port 7 
1 
V 
IOl 
= 20 mA 


VOHl 
Output 
High Voltage 
Ports 4-7 
2.4 
V 
IOH = 240l'A 


11L1 
Input leakage 
Ports 4-7 
-10 
20 
I'A 
Vin = VCC to OV 


IIl2 
Input leakage 
Port 2, CS, PROG 
-10 
10 
I'A 
Vin = VCC to OV 


VOl3 
Output 
low 
Voltage 
Port 2 
0.45 
V 
IOl 
= 0.6 mA 


ICC 
VCC Supply 
Current 
10 
20 
mA 
Note 1 


VOH2 
Output 
Voltage 
Port 2 
2.4 
IOH 
= 
100l'A 


IOl 
Sum of all IOl 
from 
16 Outputs 
72 
mA 
4.5 mA Each Pin 


Symbol 
Parameter 
• 
Min 
Max 
Units 
Test Conditions 


tA 
Code Valid Before PROG 
50 
ns 
80 pF load 


tB 
Code Valid After PROG 
60 
ns 
20 pF load 


tc 
Data Valid Before 
PROG 
200 
ns 
80 pF load 


tD 
Data Valid After PROG 
20 
ns 
20 pF load 


tH 
Floating 
After PROG 
0 
150 
ns 
20 pF load 


tK 
PROG Negative 
Pulse Width 
700 
ns. 


tcs 
CS Valid Before/After 
PROG 
50 
ns 


tpo 
Ports 4-7 Valid After PROG 
700 
ns 
100 pF load 


tlPl 
Ports 4-7 Valid Before/After 
PROG 
100 
ns 


tACC 
Port 2 Valid After PROG 
650 
ns 
80 pF load 


2.4-x 
0 


2 


"0 


0> 
TEST POINTS 


0,45----- 
<::x_ 


A C Tesllng 
Inputs are dn •••en at 24V for a logiC 
"1" 
and 0 45V lor a logic '·0" Output 
lIrnmg measurements 
are made at 20V lor a logiC "1" and oav for a logiC "0" 


PORT 2 
FLOAT 
FLOAT 


PORT 2 


,.oo~ 


OUTPUT~'"x 
VALID 


'PO 


PORTS 4·7 
PREVIOUS 
OUTPUT 
VALID 
OUTPUT 
VALID 


',P 
',P 


PORTS 4-7 
INPUT VALID 


GUARANTEED 
WORST 
CASE 


CURRENT 
SINKING 
CAPABiliTIES 


OF ANY 110 PORT PIN lIS. TOTAL 


SINK CURRENT 
OF ALL PINS 


.-! 
~ 
,1 
75 
...~ 
a: 
0:"o 
"z 
en 
50 
~~ 
o... 


Example: 
This example 
shows how the use of the 20 mA 
sink 
capability 
of 
Port 
7 affects 
the 
sinking 
capability 
of the other I/O lines. 
The 8243 can sink 
5 mA@ 
.45V on each 
of its 161/0 
lines 
simultaneously. 
If, however, 
all 
lines 
are 
not 
sinking 
simultaneously 
or 
all 
lines 
are 
not 
fully 
loaded, 
the 
drive 
capability 
of any 
individual 
line 
increases 
as is shown 
by the accompanying 
curve. 


An 8243 will 
drive 
the following 
loads 
simul- 


taneously. 


For 
example, 
if only 
5 of the 
16 lines 
are 
to 
sink 
current 
at one 
time, 
the 
curve 
shows 
that 
each 
of 
those 
5 lines 
is capable 
of sinking 
9 mA @ .45V (if 


any 
lines 
are 
to sink 
9 mA 
the 
total 
10L 
must 
not 
exceed 
45 mA or five 9 mA loads). 


210ads-20 
mA@ 
lV (port 7 only) 
8 loads-4 
mA @ .45V 
6 loads-3.2 
mA @ .45V 
Is this within 
the specified 
limits? 


Example: 
How many pins can drive 5 TTl 
loads (1.6 mAl 
assuming 
remaining 
pins are unloaded? 


10l 
= 5 x 1.6 mA = 8 mA 


,10l 
= 60 mA from curve 
# pins = 60 mA + 8 mA/pin 
= 7.5 = 7 


,10l 
= (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. 


From the curve: 
for 10l 
= 4 mA, ,10l = 93 mA. 


since 
91.2 mA < 93 mA the loads 
are within 
specified 
limits. 


In this case, 7 lines can sink 8 mA for a total of 
56mA. This leaves 4 mA sink current 
capability 
which 
can 
be divided 
in any way among 
the 
remaining 
8 I/O lines of the 8243. 


Although 
the 20 mA @ 1V loads are used in 
calculating 
,IOL, 
it is the 
largest 
current 
re- 


quired @ .45V which determines 
the maximum 
allowable 
dOL. 


inter 


-=- 


I/O 
CS 


P4 
I/O 


PROG 


TEST 
P5 
I/O 


8048 
INPUTS 
8243 


PO 
I/O 


P20·P23 
DATA 
IN 
P2 


P7 
I/O 


PROG 
~~ 
~I 


~ 1 
~~~~E 


10 
OR 
11 
AND 


00 
01 
PORT 
10 
ADDRESS 
n, 


P20·'23 --<~ 
~X 
)---- 


S04SAH/S035AHL/S049AH 
S039AH L/S050AH/S040AH 
L 
HMOS SINGLE-COMPONENT 
S-BIT MICROCOMPUTER 


_ High Performance HMOS II 
- 
Reduced Power Consumption 
_ Interval Timer/Event Counter 
- 
Compatible with 8080/8085 Peripherals 


_ Two Single Level Interrupts 
- 
Easily Expandable Memory and I/O 
_ Single 5-Volt Supply. 
- 
Up to 1.36 J.lSec Instruction Cycle 
_ Over 96 Instructions; 90% Single Byte 
All Instructions 1 or 2 cycles 


The Intel MCS~-48 family are totally self-sufficient, 
8-bit parallel computers 
fabricated on single silicon chips 


using Intel's advanced 
N-channel silicon gate HMOS process. 


The family contains 27 I/O lines, an 8-bit timer/counter, 
and on-board oscillator/clock 
circuits. For systems that 


require extra capability, the family can be expanded using MCS®·80/MCS®-85 peripherals. 


To minimize development 
problems and provide maximum flexibility, a logically and functionally pin-compatible 
version of the ROM devices with UV-erasable user-programmable 
EPROM program memory is available with 


minor differences. 


These microcomputers 
are designed to be efficient controllers 
as well as arithmetic 
processors. 
They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program 
memory results from an instruction set consisting mostly of single byte instructions 
and no instructions 
over 
2 bytes in length. 


Device 
Internal 
Memorv 
RAM Standby 


8050AH 
4K x 8 ROM 
I 
256 x 8 RAM 
yes 


8049AH 
2K x 8 ROM 
I 
128 x 8 RAM 
yes 


8048AH 
1K x 8 ROM 
I 
64 x 8 RAM 
yes 


8040AHL 
none 
I 
256 x 8 RAM 
yes 


8039AHL 
none 
I 
128 x 8 RAM 
yes 


8035AHL 
none 
I 
64 x 8 RAM 
yes 


8048AH 
803SAHL 
8049AH 
8039AHL 
8OS0AH 
8040AHL 


TO 
XTAL 1 
XTAL 2 
RESET 
SS 
INT 
EA 
R5 
PsEN 
WR 
ALE 
DBO 
DBl 
DB2 
DB3 
DB4 
DBS 
DBa 
DB1 
Vss 


Figure 
1. 


Block 
Diagram 
Figure 2. 
Logic Symbol 


Figure 
3. 


Pin Configuration 


S04SAH/S035AHUS049AH 
S039AHUS050AH/S040AHL 


Pin 


Symbol 
No. 
Function 


VSS 
20 
Circuit 
GND potential 


VDD 
26 
+ 5V during 
normal operation. 


Low power standby 
pin. 


VCC 
40 
Main power supply; 
+ 5V 
during operation. 


PROG 
25 
Output 
strobe for 8243 1/0 
expander. 


P10-P17 
27-34 
8-bit quasi-bidirectional 
port. 


Port 1 


P20-P23 
21-24 
8-bit quasi-bidirectional 
port. 


P24-P27 
35-38 
P20-P23 
contain 
the four high 


Port 2 
order program 
counter 
bits 
during an external 
program 


memory 
fetch and serve as a 
4-bit 1/0 expander 
bus for 
8243. 


DBO-DB7 
12-19 
True bidirectional 
port which 


BUS 
can be written 
or read 


~chronously 
using the RD, 


WR strobes. 
The port can also 


be statically 
latched. 


Contains 
the 8 low order 
program 
counter 
bits during an 
external 
program 
memory 


fetch, and receives 
the 
addressed 
instruction 
under the 


control 
of PSEN. Also contains 


the address 
and data during an 
external 
RAM data store 


instruction, 
under control 
of 
ALE, RD, and WR. 


TO 
1 
Input pin testable 
using the 
conditional 
transfer 
instructions 
JTO and JNTO. TO can be 
designated 
as a clock output 
using ENTO CLK instruction 


T1 
39 
Input pin testable 
using the 
JT1, and JNT1 instructions. 
Can be designated 
the timerl 


counter 
input using the STRT 
CNT instruction. 


INT 
6 
Interrupt 
input. Initiates 
an 
interrupt 
if interrupt 
is enabled. 


Interrupt 
is disabled 
after a 
reset. Also testable 
with 
conditional 
jump instruction. 
(Active 
low) interrupt 
must 
remain 
low for at least 3 
machine 
cycles for proper 


operation. 


Pin 
Symbol 
No. 
Function 


RD 
8 
Output 
strobe activated 
during 


a BUS read. Can be used to 
enable 
data onto the bus from 


an external 
device. 


Used as a read strobe to 
external 
data memory. 


(Active 
low) 


RESET 
4 
Input which 
is used to initialize 
the processor. 
(Active 
low) 


(Non TTL VIH) 


Used during 
power down. 


Used during 
ROM verification. 


WR 
10 
Output 
strobe during 
a bus 


write. (Active 
low) 


Used as write strobe to 
external 
data memory. 


ALE 
11 
Address 
latch enable. 
This 


signal occurs 
once during each 


cycle and is useful as a clock 
output. 


The negative 
edge of ALE 


strobes 
address 
into external 


data and program 
memory. 


PSEN 
9 
Program 
store enable. 
This 


output occurs 
only during a 


fetch to external 
program 


memory. 
(Active 
low) 


SS 
5 
Single step input can be used 
in conjunction 
with ALE to 
"single 
step" the processor 


through 
each instruction. 


(Active 
Low) 


Used in sync mode 


EA 
7 
External 
access 
input which 


forces 
all program 
memory 


fetches 
to reference 
external 


memory. 
Useful for emulation 


and debug. 
(Active 
high) 


Used during 
ROM verification 
(12V) 


XTAL1 
2 
One side of crystal 
input for 


internal 
oscillator. 
Also input for 


external 
source. 
(Non TTL VIH) 


XTAL2 
3 
Other side of crystal 
input. 


S04SAH/S035AHL/S049AH 
S039AHLlS050AH/S040AHL 


Accumulator 


Mnemonic 
Description 
Byte. 
Cycle. 
ADDA, 
A 
Add register to A 
1 
1 
ADDA,@A 
Add data memory to A 
1 
1 
ADDA, 
# data 
Add immediate to A 
2 
2 
ADDCA, 
A 
Add register with carry 
1 
1 
ADDCA,@A 
Add data memory 
1 
1 
with carry 
ADDC A, # data 
Add immediate 
2 
2 
with carry 
ANlA, 
A 
And register to A 
1 
1 
ANlA,@A 
And data memory to A 
1 
1 
ANlA, 
# data 
And immediate to A 
2 
2 
OAl 
A, A 
Or register to A 
1 
1 
OAlA@A 
Or data memory to A 
1 
1 
OAt, A, # data 
Or immediate to A 
2 
2 


XAl A, A 
Exclusive or register 
1 
1 
toA 


XAlA,@A 
Exclusive or data 
1 
1 
memory to A 


XAl, A, # data 
Exclusive or 
2 
2 
immediate to A 
INCA 
Increment A 
1 
1 
DECA 
Decrement A 
1 
1 
ClAA 
Clear A 
1 
1 
CPlA 
Complement 
A 
1 
1 
DAA 
Decimal adjust A 
1 
1 
SWAP A 
Swap nibbles of A 
1 
1 
ALA 
Aotate A left 
1 
1 
AlCA 
AotateA 
left 
1 
1 
through carry 
AA A 
Aotate A right 
1 
1 
AACA 
Aotate A right 
1 
1 


through carry 


Input/Output 


Mnemonic 
Description 
Byte. 
Cycle. 
INA, P 
Input port to A 
1 
2 
OUTlP, 
A 
Output A to port 
1 
2 
ANl 
P, # data 
And immediate to port 
2 
2 
OAl 
P, # data 
Or immediate to port 
2 
2 
INS A, BUS 
Input BUS to A 
1 
2 
OUTlBUS, 
A 
Output A to BUS 
1 
2 
ANl 
BUS, # data And immediate to BUS 
2 
2 
OAl 
BUS, # data Or immediate to BUS 
2 
2 
MOVD A, P 
Input expander port 
1 
2 


toA 
MOVD P,A 
Output A to expander 
1 
2 


port 
ANlD 
P, A 
And A to expander port 
1 
2 
OAlD 
P, A 
Or A to expander port 
1 
2 


Mnemonic 
INCA 
INC@A 
DECA 


Description 
Increment register 
Increment data memory 
Decrement register 


Byte. 
1 
1 
1 


Cycle. 


1 
1 
1 


Branch 


Mnemonic 
Description 
Bytes 
Cycle. 


JMP addr 
Jump unconditional 
2 
2 


JMPP@A 
Jump indirect 
1 
2 
DJNZ A, addr 
Decrement register 
2 
2 


and skip 
JC addr 
Jump on carry = 1 
2 
2 


JNC addr 
Jump on carry = 0 
2 
2 


JZ addr 
Jump on A zero 
2 
2 


JNZ addr 
Jump on A not zero 
2 
2 


JTO addr 
Jump on TO = 1 
2 
2 


JNTO addr 
Jump on TO = 0 
2 
2 


JT1 addr 
Jump on T1 = 1 
2 
2 


JNT1 addr 
Jump on T1 = 0 
2 
2 


JFO addr 
Jump on FO= 1 
2 
2 


JF1 addr 
Jumpon 
F1 = 1 
2 
2 


JTF addr 
Jump on timer flag 
2 
2 


JNI addr 
Jump on INT = 0 
2 
2 


JBb addr 
Jump on accumulator 
2 
2 


bit 


Subroutine 


Mnemonic 
Description 
Byte. 
Cycl •• 
CAll 
addr 
Jump to subroutine 
2 
2 


AET 
Aeturn 
1 
2 


AETA 
Aeturn and restore 
1 
2 


status 


Flag. 


Mnemonic 
Description 
Byte. 
Cycles 
ClA 
C 
Clear carry 
1 
1 


CPl 
C 
Complement 
carry 
1 
1 


ClA 
FO 
Clear flag 0 
1 
1 


CPl 
FO 
Complement 
flag 0 
1 
1 


ClA 
F1 
Clear flag 1 
1 
1 
CPl 
F1 
Complement 
flag 1 
1 
1 


inter 
S04SAH/S035AHUS049AH 
S039AHUS050AH/S040AHL 
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Table 2. 
Instruction 
Set (Continued) 


Deta Move. 
Timer/Counter 


Mnemonic 
Description 
Byte. 
Cycle. 
Mnemonic 
Description 
Byte. 
Cycles 


MOVA, 
A 
Move register to A 
, 
, 
MOVA, 
T 
Aead timer/counter 
, 
, 


MOVA.@A 
Move data memory 
, 
, 
MOVT, 
A 
Load timer/counter 
, 
, 


toA 
STAT T 
Start timer 
, 
, 


MOV A. # data 
Move immediate 
to A 
2 
2 
STAT CNT 
Start timer 
, 
, 


MOV A.A 
Move A to register 
, 
, 
STOP TCNT 
Stop timer/counter 
, 
, 


MOV@A,A 
Move A to data 
, 
, 
EN TCNTI 
Enable timer/counter 
, 
, 


memory 
interrupt 


MOV R. # data 
Move immediate 
2 
2 
DIS TCNTI 
Disable timer/counter 
to register 
interrupt 


MOV @R. # data 
Move immediate 
to 
2 
2 
data memory 


MOVA, 
PSW 
Move PSW to A 
Control 


MOV PSW, A 
Move A to PSW 


XCHA, 
A 
Exchange 
A and 
Mnemonic 
Description 
Byte. 
Cycle. 
register 
EN I 
Enable external 
, 
, 


XCHA,@A 
Exchange 
A and 
interrupt 
data memory 
DISI 
Disable external 


XCHDA,@A 
Exchange 
nibble of A 
interrupt 
and register 
SEL ABO 
Select register 
bank 0 


MOVXA,@A 
Move external 
data 
2 
SEL AB' 
Select register 
bank' 
memory 
to A 
SEL MBO 
Select memory 
bank 0 


MOVX@A,A 
Move A to external 
2 
SEL MB' 
Select memory 
bank' 
data memory 
ENTO CLK 
Enable clock 
output 
MOVPA,@A 
Move to A from 
2 
on TO 
current 
page 


MOVP3A,@ 
Move to A from page 3 
2 


Mnemonic 
Description 
Byte. 
Cycle. 


NOP 
No operation 
, 
, 


IDL 
Select Idle Operation 
, 
, 


inter 


S04SAH/S035AHLlS049AH 
S039AHLlS050AH/S040AHL 


"NO TICE: Stresses above those lIsted under "Abso- 
lute Maximum 
Ratings" may cause permanent 
dam- 


age to the device. 
This is a stress rating 
only and 
functional 
operation 
of device at these or any other 
conditions 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


Ambient Temperature Under Bias ... 0° C to 70° C 
Storage Temperature 
-65° C to +150°C 


Voltage On Any Pin With Respect 


to Ground 
-0.5V to +7V 


Power Dissipation 
1.5 Watt 


Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


VIL 
Input Low Voltage (All 
Except RESET. Xl. X2) 
-.5 
.8 
V 
All 


VIL1 
Input Low Voltage 
(RESET, Xl, X2) 
-5 
.6 
V 
All 


VIH 
Input High Voltage 
(All Except XTAL 1, 
XTAL2, RESET) 
20 
VCC 
V 
All 


VIHl 
Input High Voltage 
(Xl, X2, RESET) 
3.8 
VCC 
V 
All 


VOL 
Output Low Voltage 
(BUS) 
.45 
V' 
IOL = 2.0 mA 
All 


VOLl 
Output Low Voltage 
(RD, WR, PSEN, ALE) 
.45 
V 
IOL = 1.8 mA 
All 


VOL2 
Output Low Voltage 
(PROG) 
.45 
V 
IOL = 1.0 mA 
All 


VOL3 
Output Low Voltage 
(All Other Outputs) 
.45 
V 
IOL = 1.6 mA 
All 


VOH 
Output High Voltage 
(BUS) 
2.4 
V 
IOH = -400 "A 
All 


VOHl 
Outp~igh 
Voltage 
(RD, WR, PSEN, ALE) 
2.4 
V 
IOH = -100 "A 
All 


VOH2 
Output High Voltage 
(All Other Outputs) 
2.4 
V 
IOH = -40 "A 
All 


limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


1L1 
Leakage 
Current 


(T1, INT) 
±10 
pA. 
VSS~VIN~VCC 
All 


IU1 
Input Leakage 
Current 
(P10-P17, 
P20-P27, 
EA, SS) 
-500 
pA. 
VSS + .45~VIN~VCC 
All 


IU2 
Input Leakage 
Current 
RESET 
20 
300 
pA. 
VSS~VIN~3.8V 
All 


ILO 
Leakage 
Current 
(BUS, TO) (High 
Impedance 
State 
±10 
pA. 
VSS~VIN~VCC 
All 


100 
VOO Supply 
Current 
3 
5 
mA 
8048AH 
(RAM Standby) 
8035AHL 


4 
7 
mA 
8049AH 
8039AHL 


5 
10 
mA 
8050AH 
8040AHL 


100+ 
Total Supply 
Current' 
30 
65 
mA 
8048AH 


ICC 
8035AHL 


35 
70 
mA 
8049AH 
8039AHL 


40 
80 
mA 
8050AH 
8040AHL 


VOO 
RAM Standby 
Voltage 
2.2 
5.5 
V 
Standby 
Mode Reset 
All 


~VIL1 


'ICC + 100 is measured 
with all outputs 
disconnected; 
SS, RESET, 
and INT equal to VCC; EA equal to 


VSS· 


inter 


8048AH/8035AHLl8049AH 
8039AHLl8050AH/8040AHL 


f(t) 
11 MHz 
Conditions 
Symbol 
Parameter 
(Note 3) 
Mln 
Max 
Unit 
(Note 1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(~lote 2) 


tLA 
Addr Hold from ALE 
t-40 
50 
ns 


tCC1 
Control Pulse Width (RD, WR) 
7.5t-200 
480 
ns 


tCC2 
Control Pulse Width (PSEN) 
6t-200 
350 
ns 


tow 
Data Setup before WR 
6.5t-200 
390 
ns 


two 
Data Hold after WR 
t-50 
40 
ns 


tOR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tRD1 
RD to Data in 
6t-170 
375 
ns 


tRD2 
PSEN to Data in 
4.5t-170 
240 
ns 


tAW 
Addr Setup to WR 
51-150 
300 
ns 


tAD1 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tAD2 
Addr Setup to Data (PSEN) 
7.5t-200 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control (RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control (PSEN) 
1.5t-75 
60 
ns 


tCA1 
Control to ALE (RD, WR, PROG) 
t-65 
25 
ns 


tCA2 
Control to ALE (PSEN) 
4t-70 
290 
ns 


tcp 
Port Control Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


top 
Output Data Setup 
6t-290 
250 
ns 


tpD 
Output Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
700 
ns 


tPL 
Port 2 I/O Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
.5t·30 
15 
ns 


tpv 
Port Output from ALE 
4.5t+100 
5~0 
ns 


tOPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
15t 
1.36 
15.0 
Jjs 


Noles: 


1. Control Outputs CL ; 80pF 


BUS Outputs CL ; l50pF 


2. BUS High Impedance 
Load 20pF 
3. fIt) assumes 50% duty cycle on Xl, X2. Max 


clock period is for a 1 MHz crystal input. 


inter 


8048AH/8035AHLl8049AH 
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~ 
'CY 
~ILL 
-I'LAFC2 f-- 
J 
,__ 
1 
__ 


IAFd2 
1- 'CC2 --1 
I- 'CA2 
ICA11- 


2.4V 


0.45V 
X~~; 
TEST POINTS::~~X _ 


ADDRESS 


BUS FLOATING 


[ 
FLOATING 
tAw-I 
Write To External Data Memory 


A.C testing Inputs are driven at 2.4V for a logic "1" and 
D.45V for a logic "D." Output timing measurements 
are 
made at 2.DV for a logic "1" and D.8V for a logic "D." 


~IPV1 


1 
1 
I 
I 
I 
I 
I 
PCH 


I 
P24-27 
P10-17 
OUTPUT 
'1 
PORT 24-27, PORT 10-17 DATA 
I 


I 
I 


~'AL+-'LA--r-'PL~ 


PCH 
1 


I 
' 
I 


I 
I 
I 
PCH 
I 


I 
I 


------j 
I-'CA 1 
I'PD 
I'DP 
'1"1 


OUTPUT DATAI 


'LP 


EXPANDER 
PORT 


OUTPUT 


EXPANDER 
PORT 


INPUT 


8048AH/8035AHLl8049AH 
8039AHLl8050AH/8040AHL 


C1 


~ 


1-11 
MHz 


=- 
C1 = C2 = 33pF ± 5% c:::::J 


C3 


C1 
~c,+, 
J- L 
I 


C3 


C1 = 5pF ± 1/2pF 
+ (STRAY < 5pF) 


C2 = (CRYSTAL 
+ STRAY) < 8pF 


C3 = 20pF ± 1pF + (STRAY < 5pF) 


Crystal 
series resistance 
should 
be less than 30n at 11 MHz; 
less than 75n at 6 MHz; less than 180n at 3.6 MHz. 


TTL OPEN 
COLLECTOR 
GATES 


For XTAL 1 and XTAL2 define "high" 
as voltages above 1.6V 


and "low" 
as voltages 
below 1.6V. The duty cycle require- 
ments for externally 
driving 
XTAL 1 and XTAL2 using the 


circuit 
shown above are as follows: 
XTAL1 must be high 35- 


65% of the period 
and XTAL2 must be high 36-65% of the 


period. 
Rise and fall times must be faster than 20 nS. 


ALE 
(NOTE1) 


·12V I 


EA---.J 
, 
: (INPUT) 
,,,, 


AODRESS 
H 


ROM DATA H 


ADDRESS r@ 
DATA 


(INPUT) 
(OUTPUT) 
: 


(INPUT) 
(OUTPUT): 


I 
! 
, (INPUT) 
, 
I 
, 
, 
, 
, 


P2()-P23 
A_D_D_R_ES_S 
~H----A-D-O-R-E-S-S---- 
---------- 


I (INPUT) 
I 


inter 


8748H/8035H/87 49H/8039H 
HMOS-E SINGLE-COMPONENT 
8-BIT MICROCOMPUTER 


• High Performance HM05-E 
• Interval Timer/Event Counter 
• Two Single Level Interrupts 
• 'Slngle 5-Volt Supply 
• Over 96 Instructions; 


90% Single Byte 


• Compatible with 8080/8085 
Peripherals 


• Easily Expandable Memory and I/O 


• Up to 1.35 p,Sec Instruction 
Cycle 


All Instructions 
1 or 2 cycles 


The 
Intel 8749H/8039H/8748H/8035H 
are totally 
self-sufficient, 
8-bit parallel 
computers 
fabricated 
on single 
silicon .chips using Intel's advanced 
N-channel 
silicon gate HMOS-E 
process. 


The family contains 
27 I/O lines, an 8-bit timer/counter, 
on-chip 
RAM and on-board 
oscillator/clock 
circuits. 
For 
systems 
that require extra capability, 
the family can be expanded 
using MCS~-80/MCS~-85 
peripherals. 


These 
microcomputers 
are designed 
to be efficient 
controllers 
as well as arithmetic 
processors. 
They 
have 
extensive 
bit handling 
capability 
as well as facilities for both binary and BCD arithmetic. 
Efficient use of program 
memory 
results from an instruction 
set consisting 
mostly of single byte instructions 
and no instructions 
over 2 
bytes in length. 


Device 
Internal 
Memory 


8039H 
none 
128x8RAM 


8035H 
none 
64 x 8 RAM 


8749H 
2K x 8 EPROM 
128 x 8 RAM 


8748H 
1K x 8 EPROM 
64 x 8 RAM 


RESET 


SINGLE 


STEP 


EXTERNAL 


MEM 


TEST { 


Figure 1. 
Block Diagram 


8748H 


8035H 


8749H 


8039H 


TO 
XTAL 1 
XTAL 2 


REseT 


55 
INT 
EA 
AD 
PSEN 


WR 
ALE 
DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 


VSS 


VCC 
T1 
P27 
P26 
P25 
P24 
PH 
P16 
P15 
P14 
P13 
P12 
P11 
P10 


VDD 
PRDG 
P23 
P22 
P21 
P20 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


PORT 
EXPANDER 
STROBE 


Figure 2. 
Logic Symbol 
Figure 3. 
Pin Configuration 


inter 


Pin 
Symbol 
No. 
Function 
Device 


VSS 
20 
Circuit GND 
All 
potential 


VDD 
26 
+5V during 
All 
normal operation. 


Programming 
8748H 


power supply 
8749H 


(+21V). 


VCC 
40 
Main power 
All 


supply; +5V dur- 
ing operation 
and 


programming. 


PROG 
25 
Output strobe 
All 


for 8243 
I/O expander. 


Program pulse 
8748H 


(+18V) input pin 
8749H 


during 
(See Note) 


programming. 


P10-P17 27-34 
8-bit quasi- 
All 


Port 1 
bidirectional 
port. 


P20-P23 21-24 
8-bit quasi- 
All 


P24-P27 35-38 
bidirectional 
port. 


Port 2 
P20-P23 contain 
the four high 
order program 
counter bits dur- 
ing an external 
program memory 
fetch and serve 
as a 4-bit I/O 
expander bus 
for 8243. 


DBO- 
12-19 
True bidirectional 
All 


DB7 
port which can be 


BUS 
written or read 
synchronously 
using the RD, WR 
strobes. The port 
can also be 
statically 
latched. 


Pin 
Symbol 
No. 
Function 
Device 


(Con't) 
Contains the 8 
low order pro- 
gram counter 
bits 
during an external 
program 
memory 


fetch, and 
receives the 
addressed in- 
struction 
under 
the control 
of 
PSEN. Also con- 
tains the address 
and data during 
an external RAM 
data store in- 
struction, 
under 
control 
of ALE, 


RD, and WR. 


TO 
1 
Input pin testable 
All 


using the con- 
ditional transfer 
instructions 
JTO 
and JNTO. TO can 
be designated 
as 


a clock output 
using ENTO CLK 
instruction 


Used during 
8748H 


programming. 
8749H 


T1 
39 
Input pin testable 
All 


using the JT1, 
and JNT1 instruc- 
tions. Can be des- 
ignated the timer/ 
counter input 
using the STRT 
CNT instruction. 


INT 
6 
Interrupt 
input. 
All 


Initiates an inter- 
rupt if interrupt 
is 


enabled. Interrupt 
is disabled after a 
reset. Also testable 
with conditional 
jump instruction. 
(Active low) inter- 
rupt must remain 
low for at least 3 
machine cycles 
for proper 
operation. 


Pin 
Symbol 
No. 
Function 
Device 


RD 
8 
Output 
strobe 
All 
activated during 
a BUS read. Can 
be used to enable 
data onto the bus 
from an external 
device. 


Used as a read 
strobe to external 
data memory. 
(Active low) 


RESET 
4 
Input which is 
All 
used to initialize 
the processor. 
(Active low) 
(Non TTL VIH) 


-----...U 


Used during 
programming. 
I 8748H 
8749H 


WR 
10 
Output strobe 
All 
during 
a bus 


write. (Active low) 


Used as write 
strobe to external 
data memory. 


ALE 
11 
Address latch 
All 
enable. This sig- 
nal occurs once 
during each cycle 
and is useful as 
a clock output. 


The negative edge 
of ALE strobes 
address into 
external data and 
program 
memory. 


Pin 
Symbol 
No. 
Function 
Device 


PSEN 
9 
Program store 
ALL 
enable. This out- 
put occurs only 
during a fetch to 
external pro- 
gram memory. 
(Active low) 


SS 
5 
Single step input 
All, 


can be used in 
conjunction 
with 
ALE to "single 
step" the proces- 
sor through 
each 
instruction. 


EA 
7 
External access 
All 
input which 
forces all pro- 
gram memory 
fetches to refer- 
ence external 
memory. Useful 
for emulation 
and debug. 
(Active high) 


Used during 
8748H 
(18V) 
8749H 
programming 


XTAL1 
2 
One side of 
All 
crystal input for 
internal oscillator. 
Also input for 
external source. 
(Non TTL VIH) 


XTAL2 
3 
Other side of 
All 
crystal input. 


NOTE: 
On the 8749H/8039H,PROG must be clamped to 


VCCwhen not programming.A diode shouldbe usedwhen 
usingan 8243;otherwise,a directconnectionis permissible. 


Accumulator 


Mnemonic 
Description 
Bytes 
Cycles 


ADD A, R 
Add register to A 
1 
1 


ADDA,@R 
Add data memory to A 
1 
1 


ADD A, # data 
Add immediate 
to A 
2 
2 
ADDCA, 
R 
Add register with carry 
1 
1 


AD DC A. @R 
Add data memory 
1 
1 
with carry 


ADDC A, # data 
Add immediate 
2 
2 
with carry 


ANL A, R 
And register to A 
1 
1 


ANLA,@R 
And data memory 
to A 
1 
1 


ANL A, # data 
And immediate 
to A 
2 
2 


ORLA, 
R 
Or register to A 
1 
1 


ORLA@R 
Or data memory to A 
1 
1 


ORLA, 
# data 
Or immediate 
to A 
2 
2 


XRL A, R 
Exclusive or register 
1 
1 
toA 


XRL A,@R 
Exclusive or data 
1 
1 
memory to A 


XRL, A, # data 
Exclusive or 
2 
2 
immediate 
to A 


INCA 
Increment 
A 
1 
1 


DECA 
Decrement 
A 
1 
1 


ClRA 
Clear A 
1 
1 


CPL A 
Complement 
A 
1 
1 
DAA 
Decimal adjust A 
1 
1 


SWAP A 
Swap nibbles of A 
1 
1 


RL A 
Rotate A left 
1 
1 
RLCA 
Rotate A left 
1 
1 
through 
carry 
RRA 
Rotate A right 
1 
1 


RRCA 
Rotate A right 
1 
1 
through 
carry 


InpuVOutput 


Mnemonic 
Description 
Bytes 
Cycles 


INA, 
P 
Input port to A 
1 
2 


OUTL P, A 
Output 
A to port 
1 
2 
ANL P, # data 
And immediate 
to port 
2 
2 


ORl 
P, # data 
Or immediate 
to port 
2 
2 


INSA, 
BUS 
Input BUS to A 
1 
2 


OUTL BUS, A 
Output 
A to BUS 
1 
2 


ANL BUS, # data And immediate 
to BUS 
2 
2 


ORL BUS, # data Or immediate 
to BUS 
2 
2 


MOVD A. P 
Input expander 
port 
1 
2 
to A 


MOVD P, A 
Output 
A to expander 
1 
2 
port 


ANLD P, A 
And A to expander 
port 
1 
2 


ORlD 
P, A 
Or A to expander 
port 
1 
2 


Mnemonic 
INCR 
INC@R 
DECR 


Description 
Increment 
register 
Increment 
data memory 


Decrement 
register 


Bytes 
1 


1 
1 


Cycles 
1 


1 


1 


Branch 


Mnemonic 
Description 
Bytes 
Cycles 


JMP addr 
Jump unconditional 
2 
2 


JMPP@A 
Jump indirect 
1 
2 


DJNZ R, addr 
Decrement 
register 
2 
2 


and skip 
JC addr 
Jump on carry = 1 
2 
2 
JNC addr 
Jump on carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 


JNZ addr 
Jump on A not zero 
2 
2 


JTO addr 
Jump on TO = 1 
2 
2 


JNTO addr 
Jump on TO = 0 
2 
2 


JT1 addr 
Jump on T1 = 1 
2 
2 


JNT1 addr 
Jump on T1 = 0 
2 
2 
JFO addr 
Jump on FO= 1 
2 
2 


JF1 addr 
Jump on F1 = 1 
2 
2 


JTF addr 
Jump on timer flag 
2 
2 


JNI addr 
Jump on INT = 0 
2 
2 


JBb addr 
Jump on accumulator 
2 
2 


bit 


Subroutine 


Mnemonic 
Description 
Bytes 
Cycles 
CALL addr 
Jump to subroutine 
2 
2 


RET 
Return 
1 
2 


RETR 
Return and restore 
1 
2 


status 


Flags 


Mnemonic 
Description 
Bytes 
Cycles 
ClR 
C 
Clear carry 
1 
1 


CPL C 
Complement 
carry 
1 
1 


CLR FO 
Clear flag 0 
1 
1 


CPL FO 
Complement 
flag 0 
1 
1 


CLR F1 
Clear flag 1 
1 
1 


CPL F1 
Complement 
flag 1 
1 
1 


inter 
8748H/8035H/8749H/8039H 
IP'lRl ~ IbHrb'll~[N]j.\\lRlW 


Table 
2. 
Instruction 
Set 
(Continued) 


Data Moves 
Timer/Counter 


Mnemonic 
DescrlpUon 
Bytes 
Cycles 
Mnemonic 
Description 
Bytes 
Cycles 


MOVA, 
R 
Move 
register 
to A 
1 
1 
MOVA, 
T 
Read timer/counter 
1 
1 


MOVA,@R 
Move data memory 
1 
1 
MOVT, 
A 
load 
timer/counter 
1 
1 
toA 
STRTT 
Start timer 
1 
1 
MOVA, 
# data 
Move immediate 
to A 
2 
2 
STRTCNT 
Start counter 
1 
1 
MOVR,A 
Move A to register 
1 
1 
STOP 
TCNT 
Stop timer/counter 
1 
1 
MOV@R,A 
Move A to data 
1 
1 
EN TCNTI 
Enable 
timer/counter 
1 
1 
memory 
interrupt 


MOV 
R,#data 
Move immediate 
2 
2 
DIS TCNTI 
Disable 
timer/counter 
to register 
interrupt 


MOV @R, # data 
Move immediate 
to 
2 
2 


data memory 
MOVA, 
PSW 
Move 
PSWto 
A 
Control 
MOVPSW,A 
Move A to PSW 
XCHA, 
R 
Exchange 
A and 
Mnemonic 
Description 
Bytes 
Cycles 
register 
EN I 
Enable 
external 
, 
1 
XCHA,@R 
Exchange 
A and 
interrupt 
data memory 
DISI 
Disable 
external 


XCHDA,@R 
Exchange 
nibble 
of A 
interrupt 


and register 
SEl 
ROO 
Select 
register 
bank 0 
MOVXA,@R 
Move external 
data 
2 
SEl 
RB' 
Select 
register 
bank' 
memory 
to A 
MOVX@R,A 
Move A to external 
2 
SEl 
MBO 
Select 
memory 
bank 0 


data memory 
SEl 
MB1 
Select 
memory 
bank 
, 


MOVPA,@A 
Move to A from 
2 
ENTO ClK 
Enable 
clock 
output 
current 
page 
onTO 


MOVP3A,@A 
Move to A from 
page 3 
2 


Mnemonic 
Description 
Bytes 
Cycles 


NOP 
No operation 
, 
, 


inter 


Ambient 
Temperature 
Under 
Bias 
... 
0° C to 70° C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage 
On Any Pin With Respect 
to Ground 
-0.5V to +7V 
Power 
Dissipation. 
. . . . . . . . . . . . . . . . . .. 
1.0 Watt 


'NOTICE: 
Stresses above those listed under "Abso- 
lute Maximum 
Ratings" 
may cause permanent 
dam- 
age to the device. 
This is a stress 
rating 
only 
and 
functional 
operation 
of device at these or any other 
conditions 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


VIL 
Input 
Low Voltage 
(All 
Except 
RESET, X1, X2) 
-.5 
.8 
V 
All 


VIL1 
Input 
Low VoltaglJ 
(RESET, X1, X2) 
-.5 
.6 
V 
All 


VIH 
Input 
High Voltage 
(All Except 
XTAL 1, 
XTAL2, RESET) 
2.0 
VCC 
V 
All 


VIH1 
Input 
High Voltage 


(X1, X2, RESET) 
3.8 
VCC 
V 
All 


VOL 
Output 
Low Voltage 


(BUS) 
.45 
V 
IOL = 2.0 mA 
All 


VOL1 
Output 
Low Voltage 


(RD, WR, PSEN, ALE) 
.45 
V 
IOL = 1.8 mA 
All 


VOL2 
Output 
Low Voltage 


(pROG) 
.45 
V 
IOL=1.0mA 
All 


VOL3 
Output 
Low Voltage 


(All Other 
Outputs) 
.45 
V 
IOL=1.6mA 
All 


VOH 
Output 
High Voltage 


(BUS) 
2.4 
V 
IOH = -4OO!J.A 
All 


VOH1 
Outp~igh 
Voltage 


(RD, WR, PSEN, ALE) 
2.4 
V 
IOH = -1OO!J.A 
All 


VOH2 
Output 
High Voltage 


(All Other 
Outputs) 
2.4 
V 
IOH = -40!J.A 
All 


Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


1L1 
Leakage 
Current 


(T1, INT) 
±10 
,.LA 
VSS,,;,;VIN";';VCC 
All 


IU1 
Input Leakage 
Current 


(P10-P17, 
P20-P27, 
EA, 5S) 
-500 
,.LA 
VSS + .45,,;,;VIN";';VCC 
All 


'U2 
Input Leakage 
Current 
RESET 
-10 
-300 
,.LA 
VSS,,;,;VIN,,;,;3.8V 
All 


ILO 
Leakage 
Current 


(BUS, TO) (High 
Impedance 
State) 
±10 
,.LA 
VSS,,;,;VIN";';VCC 
All 


'DO + 
Total Supply Current' 
80 
100 
mA 
8035H 


ICC 


95 
110 
mA 
8039H 


I 


80 
100 
mA 
8748H 


95 
110 
mA 
8749H 


f(t) 
11 MHz 
Conditions 
Symbol 
Parameter 
(Note 3) 
Mln 
Max 
Unit 
(Note 1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t-40 
50 
ns 


tCC1 
Control 
Pulse Width (RD, WR) 
7.5t-200 
480 
ns 


tCC2 
Control 
Pulse Width (PSEN) 
6t-200 
350 
ns 


tow 
Data Setup before WR 
6.5t-200 
390 
ns 


two 
Data Hold after WR 
t-50 
40 
ns 


tOR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tRD1 
RD to Data in 
61-170 
375 
ns 


tRD2 
PSEN to Data in 
4.5t-170 
240 
ns 


tAW 
Addr Setup to WR 
5t-150 
300 
ns 


tAD1 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tAD2 
Addr Setup to Data (PSEN) 
7.5t-200 
460 
ns 


tAFC1 
Addr Floarto 
RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control 
(RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control 
(PSEN) 
1.5t-75 
60 
ns 


tCA1 
Control 
to ALE (RD, WR, PROG) 
t-65 
25 
ns 


tCA2 
Control 
to ALE (PSEN) 
4t-70 
290 
ns 


tcp 
Port Control 
Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


top 
Output 
Data Setup 
6t-290 
250 
ns 


tpD 
Output 
Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
700 
ns 


tPL 
Port 2 I/O Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
.5t-30 
15 
ns 


tpv 
Port Output from ALE 
4.5t+100 
510 
ns 


tOPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
15t 
1.36 
15.0 
IlS 


Notes: 


1. Control 
Outputs CL = 80pF 


BUS Outputs 
CL = 150pF 
2. BUS High Impedance 
Load 20pF 
3. I(t) assumes 50% duty cycle on X1, X2. Max 


clock period is lor a 1 MHz crystal 
input. 


inter 


_--.jIILAFC1 
L 


ALE J 
I 


tCA1 I- 


:.·::v 
X~:~:: 
TEST POINTS::~:~X 
_ 


ADDRESS 


BUS FLOATING 
C 


FLOATING 
IAW--1 


Write To External 
Data Memory 


A.C.testing 
inputs are driven at2.4V for a logic "1" and 


0.45V for a logic "0." Output 
timing 
measurements 
are 


made at2.0V 
for a logic "1" and 0.8V for a logic "0." 


i'PL--1 


I 
I 


I 
I 


I 


~IPv1 


I 
I 
I 
I 


I 
I 
I 
PCH 


I 


ILP 


EXPANDER 
PORT 


OUTPUT 


I 
I 
PORT 24-27, PORT 10-17 DATA 
I 


I 
I 


~tAL+-'ILA--r-IPL~ 


I 


I 


I 
I 


I 


P24-27 
P10-17 
OUTPUT 


---l 
!-ICA1 


I'PD 
,top 
"1"-1 


OUTPUT DATAI 
I 


II) 


IPR--- 
__In 
EXPANDER 
PORT 


INPUT 


inter 


C1 


~ 


C2-:=L.-- 


~ 
I 
' 
I 
-=- 
I 


\ 
C3 


C1 = 5pF ± 1/2pF 
+ (STRAY < 5pF) 
C2 = (CRYSTAL 
+ STRAY) < 8pF 
C3 = 20pF ± 1pF + (STRAY < 5pF) 


Crystal 
series resistance 
should 
be lesslthan 
30n at 11 MHz; 
less than 75n 
atl6 
MHz; less than 
180n at 3.6 MHz. 


C1 


~ 


( 


1-11 
MHz 
-=- 
C1 = ~2 = 33pF ± 5% c:=:J 


C3 


TTL 
OPEN 
COLLECTOR 
GATES 


For XTAL 1 and XTAL2 define "high" 
as voltages 
above 1.6V 


and "low" 
as voltages 
below 
1.6V. The duty 
cycle 
require- 


ments 
for externally 
driving 
XTAL1 
and XTAL2 
using 
the 


PROGRAMMING, 
VERIFYING, 
AND 


ERASING 
THE 8749H (8748H) EPROM 


Programming 
Verification 


In brief, 
the 
programming 
process 
consists 
of: acti- 


vating 
the 
program 
mode, 
applying 
an 
address, 


latching 
the 
address, 
applying 
data, 
and 
applying 
a 


programming 
pulse. 
Each 
word 
is 
programmed 


completely 
before 
moving 
on 
to 
the 
next 
and 
is 


fallowed 
by 
a verification 
step. 
The 
following 
is a 


list of the 
pins 
used 
for 
programming 
and 
a descrip- 
tion 
of their 
functions: 


Pin 
Function 


XTAL 
1 
Clock 
Input (3 to 4.0 MHz) 
XTAL 2 
Reset 
Initialization 
and Address 
Latching 


Test 0 
Selection 
of Program 
or Verify 
Mode 


EA 
Activation 
of ProgramNerify 
Modes 


BUS 
Address 
and Data Input 
Data Output 
During 
Verify 


P20-P22 
Address 
Input 


VDD 
Programming 
Power 
Supply 


PROG 
Program 
Pulse 
Input 


3 


circuit 
shown 
above are as follows: 
XTAL 1 must be high 35- 


65% of the period 
and XTAL2 
must be high 36-65% 
of the 
period. 
Rise and fall times 
must be faster 
than 20 nS. 


WARNING: 
An attempt 
to program 
a missocketed 
8749H 
(8748H) 
will 


result 
In severe 
damage 
to the 
part. 
An 
Indication 
of a 


properly 
socketed 
part is the appearance 
of the ALE clock 
output. 
The lack of this clock 
may be used to disable 
the 


programmer. 


The ProgramlVerify 
sequence 
is: 


1. VDD = 5V, Clock 
applied 
or internal 
oscillator 
operat- 
ing. RESET 
= OV, TEST 
0 = 5V, EA = 5V, BUS and 


PROG 
floating. 
P10 and P11 must 
be tied 
to ground. 


2. Insert 
8749H 
(8748H) 
in programming 
socket. 


3. TEST 
0 = OV (select 
program 
mode) 


4. EA = 18V (activate 
program 
mode) 


5. Address 
applied 
to BUS and 
P20-22 


6. RESET 
= 5V (latch 
address) 


7. Data applied 
to BUS 


8. VOD 
= 21V (programming 
power) 


9. PROG 
= VCC or float 
followed 
by one 50ms 
pulse 


to 18V 


10. VOD 
= 5V 


11. TEST 
0 = 5V (venfy 
mode) 


12. Read and verify 
data on BUS 


13. TEST 
0 = OV 


14. RESET 
= OV and 
repeat 
from 
step 5 


15. Programmer 
should 
be at conditions 
of step 
1 when 


8749H 
(8748H) 
is removed 
from 
socket. 


inter 


A.C. TIMING 
SPECIFICATION 
FOR PROGRAMMING 
8748H/8749H 
ONLY: 


(TA = 25°C ± 5°C; 
VCC = 5V ± 5%; VDD = 21 ± .5V) 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


tAW 
Address Setup Time to r:fESnt 
4tCY 


tWA 
Address Hold Time After RESETt 
4tCY 


tDW 
Data in Setup Time to PROGt 
4tCY 


tWD 
Data in Hold Time After PROGI 
4tCY 


tPH 
RESET Hold Time to Verify 
4tCY 


tVDDW 
VDD Hold Time Before PROGt 
0 
1.0 
ms 


tVDDH 
VDD Hold Time After PROGI 
0 
1.0 
ms 


tpw 
Program 
Pulse Width 
50 
60 
ms 


tTW 
Test 0 Setup Time for Program 
Mode 
4tCY 


tWT 
Test 0 Hold Time After Program 
Mode 
4tCY 


tDO 
Test 0 to Data Out Delay 
4tCY 


tww 
RESET Pulse Width to Latch Address 
4tCY 


tr. tf 
VDD and PROG Rise apd Fall Times 
0.5 
100 
IJS 


tCY 
CPU Operation 
Cycle Time 
3.75 
5 
IJS 


tRE 
RESET Setup Time before EAt 
4tCY 


D.C. TIMING 
SPECIFICATION 
FOR PROGRAMMING 
8748H/8749H 
ONLY: 


(TA = 25°C ± 5°C; VCC = 5V ± 5%; VDD = 21 ± .5V) 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VDDH 
VDD Program 
Voltage 
High Level 
20.5 
21.5 
V 


VDDL 
VDD Voltage Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage Low Level 
4.0 
VCC 
V 


VEAH 
EA Program or Verify Voltage High Level 
17.5 
18.5 
V 


IDD 
VDD High Voltage Supply Current· 
20.0 
mA 


IpROG 
PROG High Voltage Supply Current 
1.0 
mA 


lEA 
EA High Voltage Supply Current 
1.0 
mA 


VEAH 
I 
-----------'---------------------- 


EA 
~-_R_EJ1 
VCC 
. 


1:=- ITW--1 


VIL1 


VCC 


RESET 


VIL1 


__ 
-<NEXT 
ADDRK 
VALID 


IVDDW-!-"91 
IVDDH 
VDOH 
• 
tpw 
- 
IWT 


VDD 
VDDL 
------------ 
~------------------- 
PRO~:: 
:~ ~_nr:~: 
. 


. TO RESET 
\~ 
~~ 


ADDRESS 
X 
(0-7) 
VALID 
\---- 


DBO-DB] J ---< 
DATA OUT >-__ -< 
VALID 
NEXT 
ADDRESS 
X NEXT DATA >- 


OUT VALI~ 


____ 
-...JX~ 
A_D_D_R_E_S_S_(8_-_9_) 
V_A_L_ID 
....JX~--------------- 


ALE 
(NOTE 1) 


+12V I 


EA----.J 
I 
: (INPUT) 


I 
I 
I 
IH 
ADDRESS 


(INPUT) 
I 


TO, RESET 
------- 
---------,---- 


I (INPUT) 
I 
I 
I 
____ 
----A-D-D-R-E-S-S---~H 


P20-P23 
----------- 
--------- 
I (INPUT) 
I 


DB 
A_D_D_R_ES_S 
__ H ROM DATA 


(INPUT) 
(OUTPUT) 


LJROMl 
I ~--------- 


(OUTPUT);I-- 
I 


I, 


48H 
49H 


Ala 
a 
ADDR 


All 
a 
a 


inter 


SINGLE-COMPONENT 
8-BIT MICROCOMPUTERS 


EXPRESS 


• 
0°C to 70°C Operation 
• 
-40°C to SsoC Operation 
• 
16S Hr. Burn-In 


• 
S04SAH/S03SAHL 
• 
S049AH/S039AHL 
• 
SOSOAH/S040AHL 


• 
S74SH 
• 
S243 
• 
8749H 


The new Intel EXPRESS 
family of single-component 
8-bit microcomputers 
offers enhanced 
processing 
options 
to the familiar 8048AH/8035AHL, 
8748H, 8049AH/8039AHL, 
8749H, 8050AH/8040AHL 
Intel components. 
These 
EXPRESS 
products 
are designed 
to meet 
the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards, 
but fall short of military 
conditions. 


The EXPRESS 
options 
include 
the commercial 
standard 
and 
- 40°C to 85°C operation 
with or without 
168 
±8 hours 
of dynamic 
burn-in 
at 125°C per MIL-STD-883, 
method 
1015. 
Figure 
1 summarizes 
the 
option 
marking 
designators 
and package 
selections. 


For a complete 
description 
of 8048AH/8035AHL, 
8748H, 
8049AH/8309AHL, 
8749H,8040AHL 
and 8050AH 
features 
and operating 
character 
istics, refer to the respective 
standard 
commercial 
grade data sheet. 
This doc- 
ument highlights 
only the electrical 
specifications 
which differ from the respective 
commercial 
part. 


P8048AH 
D8048AH 
D8748H 
P8035AHL 
D8035AHL 
P8049AH 
D8049AH 
D8749H 
P8039AHL 
D8039AHL 
P8050AH 
D8050AH 
I 


P8040AHL 
D8040AHL 
P8243 
D8243 


• Commercial 
Grade 
P Plastic Package 
D Cerdip Package 


TP8048AH 
TD8048AH 
TD8748H 
TP8035AHL 
TD8035AHL 
TP8049AH 
TD8049AH 
TD8749H 
TP8039AHL 
TD8039AHL 
TP8050AH 
TD8050AH 
TP8040AHL 
TD8040AHL 
TP8243 
TD8243 


QP8048AH 
QD8048AH 
QD8748H 
QP8035AHL 
QD8035AHL 
QP8049AH 
QD8049AH 
QD8749H 
QP8039AHL 
QD8039AHL 
QP8050AH 
QD8050AH 
QP8040AHL 
QD8040AHL 
QP8243 
QD8243 


LP8048AH 
LD8048AH 
LD8748H 
LP8035AHL 
LD8035AHL 
LP8049AH 
LD8049AH 
LD8749H 
LP8039AHL 
LD8039AHL 
LP8050AH 
LD8050AH 
LP8040AHL 
LD8040AHL 


Extended 
Temperature 
Electrical 
Specification 
Deviations· 


TP8048AHtTP8035AHULP8048AH/LP8035AH 
L 
TD8048AHtTD8035AHULD8048AH/LD8035AHL 


D.C. CHARACTERISTICS: 
(TA = -40° C to 85° C; VCC = Voo 
= 5V ± 10%; VSS = OV) 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input 
High Voltage 
(All Except 
2.2 
VCC 
V 
XTAL1,XTAL2,RESET) 


IDD 
VDD Supply 
Current 
4 
8 
mA 


100 + 
Total Supply 
Current 
40 
80 
mA 


ICC 


TP8049AHtTP8039AHLlLP8049AH/LP8039AHL 
TD8049AHtTD8039AH 
ULD8049AH/LD8039AHL 


D.C. CHARACTERISTICS: 
(TA = -40°C 
to 85°C; 
VCC = Voo 
= 5V ± 10%; VSS = OV) 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input 
High Voltage 
(All Except 
2.2 
VCC 
V 
XTAL 1, XTAL2, RESET) 


100 
VOO Supply 
Current 
5 
10 
mA 


100 + 
Total Supply 
Current 
50 
100 
mA 


ICC 


TP8050AHtTP8040AHULP8050AH 
ULP8040AHL 
TD8050AHtTD8040AH 
L/LD8050AH/LD8040AH 
L 


D.C. CHARACTERISTICS: 
(TA = -40° C to 85° C; VCC = Voo 
= 5V ± 10%; VSS = OV) 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input 
High Voltage 
(All Except 
2.2 
VCC 
V 


XTAL1, XTAL2, 
RESET) 


100 
VOO Supply 
Current 
10 
20 
mA 


100 + 
Total Supply 
Current 
75 
120 
mA 
ICC 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input High Voltage (All Except 
2.2 
VCC 
V 
XTAL 1, XTAL2, RESET) 


100 + 
Total Supply 
Current 
50 
130 
mA 


ICC 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input High Voltage (All Except 
2.2 
VCC 
V 


XTAL1,XTAL2,RESET) 


'DO 
+ 
Total Supply Current 
75 
150 
mA 


ICC 


TP8243ITD8243/LD8243 


D.C. CHARACTERISTICS: 
(TA = -40°C 
to 85°C; Vcc 
= 5V ± 10%; VSS = OV) 


Limits 


Symbol 
Parameter 
Mln 
I Typ I 
Max 
Unit 
Test Conditions 


ICC 
Vcc 
Supply Current 
I 
15 I 
25 
mA 


- 


limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIL1 
Input 
Low Voltage 
(Port 0) 
-0.5 
VTWO.2 
V 


VIH 
Input 
High Voltage 
2.3 
VCC 
V 
VCC = 5.0V ± 10% 
(All Except 
XTAL 1, RESET) 
VTH Floating 


VIH1 
Input 
High Voltage 
3.8 
VCC 
V 
VCC = 5.5V ± 1V 
(All Except 
XTAL 1, RESET) 
VTH Floating 


VIH2 
Input 
High Voltage 
(Port 0) 
VTH+0.2 
VCC 
V 


VIH3 
Input 
High Voltage 
(RESET, XTAL 1) 
3.8 
VCC 
V 


VIL 
Input 
Low Voltage 
-0.5 
0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 0.8 mA 


VOL1 
Output 
Low Voltage 
(p10, P11) 
2.5 
V 
IOL = 3 mA 


VOH 
Output 
High Voltage 
(All unless 
2.4 
V 
IOH = 30 J1.A 


open drain option 
Port 0) 


III 
Input 
Current 
(T1) 
±700 
J1.A 
VCC;;;'VIN;;;' 
VSS + 0.45V 


ILl1 
Input 
Current 
to Ports 
500 
J1.A 
VIN = 0.45V 


ICC 
VCC Supply 
Current 
120 
mA 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tCY 
Cycle 
Time 
8.38 
50.0 
J1.S 
3.58 MHz XTAL 
= 8.38 J1.StCY 


VT1 
Zero-Cross 
Detection 
Input 
(T1) 
1 
3 
VACpp 
AC Coupled 


AZC 
Zero-Cross 
Accuracy 
±200 
mV 
60 Hz Sine Wave 


FT1 
Zero-Cross 
Detection 
Input 
0.05 
1 
kHz 


Frequency 
(T1) 


tLL 
ALE Pulse Width 
3.9 
23.0 
J1.S 
tCY = 8.38 J1.Sfor min 


limits 


Parameter 
Min 
I 
Typ 
I 
Max 
Unit 
Test Conditions 


Absolute 
Accuracy 
I 
11.6% FSR ± 'I, LSB 
LSB 


NOTE: 
The analog input must be maintained 
at a constant 
voltage during 
the sample time (tss + tsh). 
'Refer to individual 
commercial 
grade data sheets for complete 
operating 
characteristics. 


80C49-7/80C39-7 


CHMOS SINGLE-COMPONENT 
8-BIT MICROCOMPUTER 


- 
1.36 J.lsecInstruction 
Cycle. All Instructions 


1 or 2 Cycles 


- 
Ability 
to Maintain 
Operation 
during 


AC Power Line Interruptions 


- 
EKit Idle Mode with an External 
or Internal 


Interrupt 
Signal 


• 80C49-7 Low Power Mask Programmable ROM 
• 80C39-7 Low Power, CPU only 


- 
Pln-to-pln Compatible with Intel's 
- 
Battery 
Operation 


8049AH/8039AHL 
_ 3 Power Consumption 
Selections 


-Normal 
Operation: 
12 mA@ 11 MHz@ 5V 
-Idle 
Mode: 
5 mA @ 11 MHz @ 5V 


-Power 
Down: 
2 J.lA@ 2.0V 


- 
11 MHz, TTL Compatible 
Operation: 


VCC = 5V± 
10% 
CMOS 
Compatible 
Operation; 


VCC = 5V± 
20% 


Intel's 
80C49-7/80C39-7 
are low power, 
CHMOS 
versions 
of the popular 
MCS"-48 
HMOS 
family 
members. 
CHMOS 
is a 
technology 
built on HMOS 
II and features 
high resistivity 
P substrate, 
diffused 
N well, and scaled 
Nand 
P channel 
devices. 


The 80C49-7/80C39-7 
have been designed 
to provide 
low power 
consumption 
and high performance. 


The 80C49-7 
contains 
a 2K x 8 program 
memory, 
a 128 x 8 x 8 RAM data memory, 
27 I/O lines, and an 8-bit timer/counter 
in addition 
to an on-board 
oscillator 
and clock circuits. 
For systems 
that require 
extra capability, 
the 80C49-7 
can be expanded 


using CMOS 
external 
memories 
and MCS"-80 
and MCS"-85 
peripherals. 
The 80C39-7 
is the equivalent 
of the 80C49-7 
without 


program 
memory 
on-board. 


The CHMOS 
design 
of the 80C49-7 
opens 
new application 
areas 
that 
require 
battery 
operation, 
low power 
standby, 
wide 


voltage 
range, 
and the ability to maintain 
operation 
during AC power line interruptions. 
These 
applications 
include 
portable 
and 


hand-held 
instruments, 
telecommunications, 
consumer, 
and automotive. 


PORT 
TO 


1 
XTAL 
1 


XTAL 
2 


RESET 
PORT 
SS 
RESET 
8OC49-7 
2 
INT 


SINGLE 
8OC39-7 
EA 
STEP 
Ri5 


EXTERNAL 
PSEN 
MEM 
WR 


TEST{ 


WRITE 
ALE 


PROGRAM 
DBO 
OBI 
STORE 
DB2 
ENABLE 


ADDRESS 
DB3 


LATCH 
DB4 


ENABLE 
DBS 


BUS 
PORT 
DBS 


EXPANDER 
DB7 


STROBE 
VSS 


Figure 1. 


Block Diagram 
Figure 2. 
Logic Symbol 
Figure 3. 


Pin Configuration 


inter 


Symbol 
Pin No. 
Function 


VSS 
20 
Circuit GND potential 


VDD 
26 
Low Power standby pin 


VCC 
40 
Main power supply; 
+5V during operation. 


PROG 
25 
Output strobe for 82C43 
I/O expander. 


P10-P17 
27-34 
8-bit quasi-bidirectional 


Port 1 
port. 


P20-P23 
21-24 
8-bit quasi-bidirectional 
port. 


P24-P27 
35-38 
P20-P23 contain the four 
Port 2 
high order program counter 
bits during an external 
program memory fetch 
and serve as a 4-bit I/O 
expander bus for 8243. 


DBO-DB7 
12-19 
True bidirectional 
port 


BUS 
which can be written or 
read synchronously 
using 


the RD, WR strobes. The 
port can also be statically 
latched. 


Contains the 8 low order 
program counter bits dur- 
ing an external program 
memory fetch, and receives 
the addressed instruction 
under the control 
of PSEN. 


Also contains the address 
and data during an external 
RAM data store instruction, 
under control 
of ALE, RD, 


and WR. 


TO 
1 
Input pin testable using the 
conditional 
transfer instruc 


lions JTO and JNTo. TO can 
be designated as a clock 
output using ENTO CLK 
instruction. 


T1 
39 
Input pin testable using the 
JT1, and JNT1 instructions. 


Symbol 
Pin No. 
Function 


Can be designated the 
timer/counter 
input using 


the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an 


interrupt 
if interrupt 
is en- 


abled. Interrupt 
is disabled 


after a reset. Also testable 
with conditional 
jump in- 


struction. 
(Active low) 


Interrupt 
must remain low 


for at least 3 machine 
cycles for proper operation. 


RD 
8 
Output strobe activated 
during a BUS read. Can be 
used to enable data onto 
toe bus from an external 
device. 


Used as a read strobe to 
external data memory. 
(Active low) 


RESET 
4 
Input which is used to 
initialize the processor. 
(Active low) (Non TTL VIH) 


WR 
10 
Output strobe during a bus 
write. (Active low) 


Used as write strobe to 
external data memory. 


ALE 
11 
Address latch enable. This 
signal occurs once during 
each cycle and is useful as 
a clock output. 


The negative edge of ALE 
strobes address into 
external data and program 
memory. 


PSEN 
9 
Program store enable. This 
output occurs only during 
a fetch to external program 
memory. (Active low) 


SS 
5 
Single step input can be 
used in conjunction 
with 


Symbol 
Pin No. 
Function 


SS (Con't) 
ALE to "single 
step" the 
processor 
through 
each 
instruction 
(Active 
low) 


EA 
7 
External 
access input which 
forces 
all program 
memory 
fetches 
to reference 
external 
memory. 
Useful 
for emulation 
and debug, 


and essential 
for testing 


Symbol 
Pin No. 
Function 


and program 
verification. 


(Active 
high) 


XTAL1 
2 
One side of crystal 
input 


for internal 
oscillator. 
Also 
input 
for external 
source. 


(Non TTL VIH) 


XTAL2 
3 
Other side of crystal 
input. 


IDLE MODE DESCRIPTION 


The 80C49-7, 
when placed into Idle mode, keeps the oscillator, 
the internal timer and the external 
interrupt 
and 


counter 
pins functioning 
and maintains 
the internal 
register 
and RAM status. 


To place the 80C49-7 
in Idle mode, a command 
instruction 
(op code 01 H) is executed. 
To terminate 
Idle mode, 
a reset must be performed 
or interrupts 
must be enabled 
and an interrupt 
signal 
generated. 
There 
are two 


interrupt 
sources 
that can restore normal operation. 
One is an external 
signal applied 
to the interrupt 
pin. The 


other is from the overflow 
of the timer/counter. 
When either interrupt 
is invoked, 
the CPU is taken out of Idle 


mode and vectors 
to the interrupt's 
service 
routine address. 
Along with the Idle mode, the standard 
MCS"'-48 


power-down 
mode is still maintained. 


Accumulator 


Mnemonic 
Description 
Bytes 
Cycles 


ADD A, R 
Add register to A 
1 
1 


ADDA,@R 
Add data memory 
to A 
1 
1 


ADD A, # data 
Add immediate 
to A 
2 
2 


ADDCA, 
R 
Add register with carry 
1 
1 
ADDCA,@R 
Add data memory 
1 
1 
with carry 
ADDC A, # data 
Add immediate 
2 
2 
with carry 
ANLA, 
R 
And register to A 
1 
1 
ANL A,@R 
And data memory to A 
1 
1 


ANL A, # data 
And immediate 
to A 
2 
2 
ORLA, 
R 
Or register to A 
1 
1 
ORLA@R 
Or data memory 
to A 
1 
1 
ORL A, # data 
Or immediate 
to A 
2 
2 
XRL A, R 
Exclusive or register 
1 
1 
toA 
XRLA,@R 
Exclusive or data 
1 
1 
memory to A 
XRL, A, # data 
Exclusive 
or 
2 
2 
immediate 
to A 
INCA 
Increment 
A 
1 
1 
DECA 
Decrement 
A 
1 
1 
CLRA 
Clear A 
1 
1 
CPLA 
Complement 
A 
1 
1 
DAA 
Decimal adjust A 
1 
1 
SWAP A 
Swap nibbles of A 
1 
1 
RL A 
Rotate A left 
1 
1 
RLCA 
Rotate A left 
1 
1 
through 
carry 
RRA 
Rotate A right 
1 
1 
RRCA 
Rotate A right 
1 
1 
through 
carry 


Input/Output 


Mnemonic 
Description 
Bytes 
Cycles 
INA, 
P 
Input port to A 
1 
2 
OUTL P, A 
Output 
A to port 
1 
2 
ANL P, # data 
And immediate 
to port 
2 
2 
ORL P, # data 
Or immediate 
to port 
2 
2 
INSA, 
BUS 
Input BUS to A 
1 
2 
OUTL BUS, A 
Output 
A to BUS 
1 
2 
ANL BUS, # data And immediate 
to BUS 
2 
2 
ORL BUS, # data Or immediate 
to BUS 
2 
2 
MOVDA, 
P 
Input expander 
port 
1 
2 
to A 
MOVD P, A 
Output 
A to expander 
1 
2 
port 
ANLD P, A 
And A to expander 
port 
1 
2 
ORLD P, A 
Or A to expander 
port 
1 
2 


Mnemonic 
INCR 
INC@R 
DECR 


Description 
Increment 
register 
Increment 
data memory 
Decrement 
register 


Bytes 
1 


1 


1 


Cycles 
1 
1 
1 


Branch 


Mnemonic 
Description 
Bytes 
Cycles 
JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ R, addr 
Decrement 
register 
2 
2 
and skip 
JC addr 
Jump on carry 
= 1 
2 
2 
JNC addr 
Jump on carry 
= a 
2 
2 
JZ addr 
Jump on A zero 
2 
2 


JNZ addr 
Jump on A not zero 
2 
2 
JTO addr 
Jump on TO = 1 
2 
2 


JNTO addr 
Jump on TO = a 
2 
2 
JT1 addr 
Jump on T1 = 1 
2 
2 
JNTl 
addr 
Jump on T1 = a 
2 
2 
JFO addr 
Jump on Fa = 1 
2 
2 


JF1 addr 
Jump on Fl 
= 1 
2 
2 
JTF addr 
Jump on timer flag 
2 
2 
JNI addr 
Jump on INT = a 
2 
2 
JBb addr 
Jump on accumulator 
2 
2 
bit 


Subroutine 


Mnemonic 
Description 
Bytes 
Cycles 


CALL addr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


Flags 


Mnemonic 
Description 
Bytes 
Cycles 
CLR C 
Clear carry 
1 
1 
CPL C 
Complement 
carry 
1 
1 
CLR Fa 
Clear flag a 
1 
1 
CPL Fa 
Complement 
flag a 
1 
1 
CLR Fl 
Clear flag 1 
1 
1 
CPL Fl 
Complement 
flag 1 
1 
1 


Table 
2. 
Instruction 
Set (Continued) 


Deta Moves 
Timer/Counter 


Mnemonic 
Description 
Byte. 
Cycle. 
Mnemonic 
Description 
Bytes 
Cycles 
MOVA, 
R 
Move register to A 
1 
1 
MOVA, 
T 
Read timer/counter 
1 
1 
MOVA,@R 
Move data memory 
1 
1 
MOVT, 
A 
load 
timer/counter 
1 
1 


toA 
STRTT 
Start timer 
1 
1 
MOV A, # data 
Move immediate 
to A 
2 
2 
STRT CNT 
Start counter 
1 
1 
MOVR,A 
Move A to register 
1 
1 
STOP TCNT 
Stop timer/counter 
1 
1 


MOV@R,A 
Move A to data 
1 
1 
EN TCNTI 
Enable timer/counter 
1 
1 
memory 
interrupt 
MOV R, # data 
Move immediate 
2 
2 
DIS TeNTI 
Disable timer/counter 
to register 
interrupt 


MOV @R, # data 
Move immediate 
to 
2 
2 
data memory 


MOVA, 
PSW 
Move PSW to A 
Control 


MOV PSW, A 
MoveAto 
PSW 


XCH A, R 
Exchange 
A and 
Mnemonic 
Description 
Bytes 
Cycles 


register 
EN I 
Enable external 
1 
1 
XCHA,@R 
Exchange 
A and 
interrupt 
data memory 
DIS I 
Disable external 
XCHDA,@R 
Exchange 
nibble 
of A 
interrupt 


and reg ister 
SEl 
RBO 
Select register 
bank 0 
MOVXA,@R 
Move external 
data 
2 
SEl 
RB1 
Select register 
bank 1 


memory 
to A 
SEl 
MBO 
Select memory 
bank 0 
MOVX@R,A 
Move A to external 
2 
SEl 
MB1 
Select memory 
bank 1 
data memory 
ENTO ClK 
Enable clock 
output 
MOVPA,@A 
Move to A from 
2 
on TO 
current 
page 
MOVP3A, 
@A 
Move to A from page 3 
2 


Mnemonic 
Description 
Bytes 
Cycles 


NOP 
No operation 
1 
1 


IDl 
Select 
Idle Operation 
1 
1 


Ambient 
Temperature 
Under Bias 
. . . 
O°C to 70°C 


Storage 
Temperature 
. . . . . . 
- 65°C to + 150°C 


Voltage 
On Any Pin With Respect 


to Ground 
-0.5VtoVCC+1V 


Maximum 
Voltage 
On Any Pin 


With Respect 
to Ground 
Power 
Dissipation 
. . . . . . . 
.... 
7V 
1.0 Watt 


'NOTICE: Stresses above those listed under "Ab- 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 


inter 


D.C. CHARACTERISTICS: (TA = O°C to 70°C; VCC = VDD = 5V ± 20%; !VCC 
- 
VDDI ~ 1.5V; 
VSS = OV) 


Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIL 
Input Low Volta~ 
-.5 
.18 VCC 
V 


(All Except X1, RESET) 
, 


VIL1 
Input Low Voltage 
X1, RESET 
-5 
.13 VCC 
V 
. 


VIH 
Input High Voltage 
__ 
0.2 VCC 
VCC 
V 


(All Except XTAL 1, RESET) 
+ 1.2 


VIH1 
Input High Voltage 
(X1, RESET) 
.7 VCC 
VCC 
V 


VOL 
Output 
Low Voltage 
(BUS) 
.6 
V 
IOL = 2.0 mA 


VOL1 
~ut 
Low Voltage 
.6 
V 
IOL = 1.8 mA 


(RD, WR, PSEN, ALE) 


VOL2 
Output 
Low Voltage 
(PROG) 
.6 
V 
IOL = 1.0 mA 


VOL3 
Output 
Low Voltage 
.6 
V 
IOL = 1.6 mA 


(All Other Outputs) 


VOH 
Output 
High Voltage 
(BUS) 
.75 VCC 
V 
IOH = 
-400 
JJA 


VOH1 
~~igh 
Voltage 
.75 VCC 
V 
IOH = 
-100 
JJA 
(RD, WR, PSEN, ALE) 


VOH2 
Output 
High Voltage 
2.4 
V 
IOH = 
-40 
JJA 
(All Other Outputs) 
3.0 
IOH = -2OI-'A 


1L1 
Input Leakage 
Current 
(T1, INT, EA) 
±5 
I-'A 
VSS ~ VIN ~ VCC 


IU1 
Input Leakage 
Curren!..- 
-500 
I-'A 
VSS ~ VIN ~ VCC 
(P10-P17, 
P20-P27, 
SS) 


ILO 
Output 
Leakage 
Current 
(BUS, TO) 
±5 
JJA 
VSS ~ VIN ~ VCC 
(High Impedance 
State) 


ILR 
Input Leakage 
Current 
(RESET) 
-10 
-300 
JJA 
VSS ~ VIN ~ VIH1 


IpD 
Power 
Down Standby 
Current 
2 
I-'A 
VDD = 2.0V RESET 
~ VIL 


Vcc 
4V 
5V 
6V 


1 MHz 
2.5 
3.3 
4.0 


6 MHz 
5 
6.8 
8.5 


11 MHz 
9 
12 
15 


Vcc 
4V 
5V 
6V 


1 MHz 
1.7 
2.0 
2.2 


6 MHz 
2 
3 
4 


11 MHz 
3.5 
4.8 
6 


ICC Test Conditions: 


ICC Active 
All o~uts 
disconnected 
T1, INT, SS, TO connected 
to HIGH (VIH) 
EA, RST connected 
to LOW (VIL) 
XTAL 1 External 
Drive 


Rise Time 
= 10 ns, Fall Time 
= 10 ns 
XTAL2 No connection 
VIH = VCC 
- 
0.5V 
VIL = VSS + O.5V 


ICC Idle 
All outputs 
disconnected 
XTAL 1 External 
Drive 
Rise Time = 10 ns, Fall Time = 10 ns 
XTAL2 No connection 
VIH = VCC 
- 
0.5V 
VIL = VSS + 0.5V 


inter 


f (t) 
11 MHz 
Conditions 
Symbol 
Parameter 
(Note 3) 
Min 
Max 
Unit 
(Note 1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t-40 
50 
ns 


tCC1 
Control 
Pulse Width (RD, WR) 
7.5t-200 
480 
ns 


tCC2 
Control 
Pulse Width (PSEN) 
6t-200 
350 
ns 


tDW 
Data Setup before WR 
6.5t-200 
390 
ns 


tWD 
Data Hold after WR 
t-50 
40 
ns 


tDR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tRD1 
RD to Data in 
6t-170 
350 
ns 


tRD2 
PSEN to Data in 
4.5t-170 
190 
ns 


tAW 
Addr Setup to WR 
5t-150 
300 
ns 


tAD1 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tAD2 
Addr Setup to Data (PSEN) 
7.5t-220 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control 
(RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control 
(PSEN) 
1.5t-75 
60 
ns 


tCA1 
Control 
to ALE (RD, WR, PROG) 
t-65 
25 
ns 


tCA2 
Control 
to ALE (PSEN) 
4t-70 
290 
ns 


tcp 
Port Control 
Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


tDP 
Output 
Data Setup 
6t-290 
250 
ns 


tpD 
Output 
Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
700 
ns 


tpL 
Port 2 110 Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
1.5t-120 
15 
ns 


tpv 
Port Output from ALE 
4.5t+100 
510 
ns 


tOPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
15t 
1.36 
15.0 
/lS 


Notes: 


1. Control 
Outputs CL = BOpF 


BUS Outputs CL = 150pF 


2. BUS High Impedance 
Load 20pF 


3. I(t) assumes 50% duty cycle on Xl, X2. Max 
clock period is lor a 1 MHz crystal input. 
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CHAPTER 16 
THE RUPITM-44FAMILY: 
MICROCONTROLLER 
WITH ON-CHIP 
COMMUNICATION 
CONTROLLER 


The RUPI-44 family is designed for applications requir- 
ing local intelligence at remote nodes, and communica- 
tion capability among these distributed 
nodes. The 
RUPI-44 integrates onto a single chip Intel's highest 
performance microcontroller, the 8051-core, with an in- 
telligent and high performance Serial communication 
controller, called the Serial Interface Unit, or SIU. See 
Figure 16-1. This dual controller architecture allows 
complex control and high speed data communication 
functions to be realized cost effectively. 


The RUPI-44 family consists of three pin compatib1C' 
pilrts: 


8344-8051 
Microcontroller with SIU 


8044-An 
8344 with 4K bytes of on-chip ROM 


program memory. 


8744-An 
8344 
with 
4K 
bytes of on-chip 


EPROM program memory. 


The 8044's dual controller 
architecture 
enables the 
RUPI to perform complex control tasks and high speed 
communication in a distributed network environment. 


The 8044 microcontroller is the 8051-core, and main- 
tains complete 
software compatibility 
with it. The 


microcontroller contains a powerful CPU with on-chip 
peripherals, making it capable of serving sophisticated 


real-time control applications such as instrumentation, 
industrial control, and intelligent computer peripherals. 
The microcontroller features on-chip peripherals such 
as two 16-bit timer/counters 
and 5 source interrupt ca- 


pability with programmable priority levels. The micro- 
controller's 
high 
performance 
CPU 
executes 
most 
instructions in I microsecond, and can perform an 8 X 8 
multiply in 4 microseconds. The CPU features a Bool- 
ean processor that can perform operations on 256 direct- 
ly addressable bits. 192 bytes of on-chip data RAM can 
be extended to 64~ bytes externally. 4K bytes of on-chip 
program ROM can be extended to 64K bytes externally. 
The CPU and SIU run concurrently. 
See Figure 16-2. 


The SIU is designed to perform serial communications 
with little or no CPU involvement. The SIU supports 
data rates up to 2.4Mbps, externally clocked, and 375K 
bps self c1ocked'(i.e., the data clock is recovered by an 
on-chip digital phase locked loop). SIU hardware sup- 
ports the HOLC/SOLC 
protocol: zero bit insertion/de- 


letion, address recognition, cyclic redundancy check, 
and frame number sequence check are automatically 
performed. 


The SIU's Auto mode greatly reduces communication 
software 
overhead. 
The AUTO 
mode supports 
the 


SOLC Normal Response Mode, by performing second· 
ary station responses in hardware without any CPU in- 
volvement. The Auto mode's 
interrupt 
control and 


frame sequence numbering capability eliminates soft- 
ware overhead normally required in conventional sys- 
tems. By using the Auto mode, the CPU is free to 
concentrate on real time control of the application. 
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The High Level Oata Link Control, HOLC, is a stan- 
dard communication 
link control established by the 
International 
Standards Organization (ISO). SOLC is 
a subset of HOLC. 


HOLC and SOLC are both well recognized standard 
serial protocols. The Synchronous Oata Link Control, 
SOLC, is an IBM standard communication 
protocol. 


IBM originally developed SOLC to provide efficient, 
reliable and simple communication 
between terminals 
and computers. 


The major advantages of SOLC/HOLC 
over Asyn- 
chronous communications 
protocol (Async): 


Well Oefined Message-Level 
Operation 


Frame Check Sequence and 
Frame Numbering 


The SOLC reduces system complexity. HOLC/SOLC 
are "data transparent" 
protocols. Oata transparency 


means that an arbitrary data stream can be sent without 
concern that some of data could be mistaken for a pro- 
tocol controller. 
Oata transparency 
relieves the com- 


munication 
controller 
having 
to 
detect 
special 


characters. 


SOLC/HOLC 
provides more data throughout 
than 


Async. SOLC/HOLC 
runs at Message-level Operation 


which transmits 
multiple 
bytes within 
the 
frame. 


Whereas Async is based on character-level operation. 
Async transmits or receives a character at a time. Since 
Async requires start and stop bits in every transmission, 
there is a considerable waste of overhead compared to 
SOLC/HOLC. 


Oue to SOLC/HOLC's 
well delineated field (see Figure 
16-4) the CPU does not have to interpret character by 
character to determine control field and information 
field. In the case of Async, CPU must look at each 
character to interpret what it means. The practical ad- 
vantage of such feature is straight forward use of OMA 
for information 
transfer. 


In addition, 
SOLC/HOLC 
further 
improves 
Oata 


throughput 
using implied Acknowledgement of trans- 


ferred information. A station using SOLC/HOLC 
may 


acknowledge 
previously received information 
while 


transmitting different information in the same frame. 
In addition, up to 7 messages may be outstanding before 
an acknowledgement 
is required. 


The HOLC/SOLC 
protocol 
can be used to realize 


reliable data links. Reliable Oata transmission is ensured 
at the bit level by sending a frame check sequence. cyclic 
redundancy checking, within the frame. Reliable frame 
transmission 
is ensured by sending a frame numoer 


identification 
with each frame. 
This means that a 


receiver can sequentially count received frames and at 
any time infer what the number of the next frame to 
be received should be. More important, 
it provides a 


means for the receiver to identify to the sender some 
particular frame that it wishes to have resent because 
of errors. 


In both the HOLC and SOLC line protocols a (Master) 
primary station controls the overall network (data link) 
and issues commands to the secondary (Slave) stations. 
The latter complies with instructions and responds by 
sending appropriate 
responses. Whenever a transmit- 


ting station must end transmission prematurely, it sends 
an abort character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
frame. 


RUPI-44 supported HOLC/SOLC 
network configura- 


tions are point to point (half duplex) multipoint (half 


duplex). and loop. In the loop configuration the stations 
themselves act as repeaters. so that long links can be 
easily realized. see Figure 16-3. 


16.2.3 
Frames 


An HOLC/SOLC 
frame consists of five basic fields: 


Flag, Address, Control, Oata and Error Oetection. A 
frame is bounded by nags-opening 
and closing nags. 
An address field is 8 bits wide in SOLC, extendable to 2 
or more bytes in HOLC. The control field is also 8 bits 
wide, extendable to two bytes in HOLe. 
The SOLC 
data field or information field may be any number of 
bytes. The HOLC data field mayor may not be on an 8 
bit boundary. A powerful error detection code called 
Frame Check Sequence contains the calculated CRC 
(Cycle Redundancy Code) for all the bits between the 
nags. See Figure 16-4. 


In HOLC and SOLC are three types of frames; an In- 
formation Frame is used to transfer data, a Supervisory 
Frame 
is used for control 
purposes, 
and 
a Non- 
sequenced Frame is used for initialization and control of 
the secondary stations. 


For a more detailed discussion of higher level protocol 
functions interested readers may refer to the references 
listed in Section 16.2.6. 


16.2.4 
Zero Bit Insertion 


In data' communications, it is desirable to transmit data 
which can be of arbitrary content. Arbitrary data trans- 
mission requires that the data field cannot contain char- 
acters 
which are defined to assist the transmission 
protocol (like opening nag in HOLC/SOLC 
communi- 
cations). This property is referred to as "data transpar- 
ency". 
In HOLC/SOLC, 
this code transparency 
is 
made possible by Zero Bit Insertion (ZBI). 


The flag has a unique binary bit pattern: 01111110 (7E 
HEX). To eliminate the possibility of the data field con- 
taining a 7E HEX pattern, 
a bit stuffing technique 


01111110 
BBITS 
BBITS 
VARIABLE 
LENGTH 
18 BITS 
01111110 
(ONLY 
IN I FRAMES) 


.inter 


called Zero Bit Insertion is used. This technique speci- 
fies that during transmission, a binary 0 be inserted by 
the transmitter 
after any succession of five contiguous 


binary I's. This will ensure that no pattern of 0 I I I I I 
I 0 is ever transmitted between flags. On the receiving 
side, after receiving the flag, the receiver hardware auto- 
matically deletes any 0 following five consecutive I's. 
The 8044 performs 
zero bit insertion and deletion 


automatically. 


16.2.5 
Non-return 
to Zero Inverted (NR21) 


NRZI is a method of clock and data encoding that is 
well suited to the HOLC/SOLC 
protocol. It allows 


HOLC/SOLC 
protocols to be used with low cost asyn- 


chronous modems. NRZI coding is done at the trans- 
mitter to enable clock recovery from the data at the 
receiver terminal by using standard digital phase locked 
loop (OPLL) techniques. NRZI 
coding specifies that 


the signal condition does not change for transmitting a 
I, while an 0 causes a change of state. NRZI coding en- 
sures that an active dara line will have a transition at 
least every S-bit times (recall Zero Bit Insertion), while 
contiguous O's will cause a change of state. Thus, ZBI 
and NRZI encoding makes it possible for the 8044's on- 
chip OPLL to recover a receive clock (from received 
data) synchronized to the received data and at the same 
time ensure data transparency. 
16.2.6 
References 


I. 
IBM 
Synchronous 
Data 
Link 
Control 
General 
l'?formation 
GA27-3093-2 
File No. GENL-09. 


2. 
Standard 
Network 
Access 
Protocol 
Specification. 
DATA PAC Trans-Canada 
Telephone System 
CCG III. 


3. 
IBM 3650 Retail Store System 
Loop Interface 
OEM 
Information. 
IBM, 
GA27-3098-G 


4. 
Guidebook 
to 
Data 
Communications, 
Training 
Manual, 
Hewlett-Packard 
5955-1715 


5. 
"Serial 
Backplane 
Suits 
Multiprocessor 
Architec- 
tures': 
Mike 
Webb. 
Computer 
Design. 
Ju(v 
1984. 


p.85-96. 


6. 
"Serial 
Bus 
Simplifies 
Distributed 
Control': 
PD. 
Mac Williams. 
Control 
Engineering, 
June 
1984. 


p. /01-/04. 


7. 
"Chips 
Support 
Two 
Local 
Area 
Networks': 
Bob 
Dahlberg, 
Computer 
Design. 
May 1984. p. 107-114. 


8. 
"Build 
a VLS1-based 
Workstation 
for 
the Ethernet 
Environment': 
Mike 
Webb, EDN. 23 February 
1984. 
p.297-307. 


9. 
"Networking 
With the 8044 ': Young Sohn 
& Charles 
Gopen. 
Digital 
Design, 
May 1984, p. 136-137. 


16.3 
RUPI™_44DESIGN SUPPORT 


16.3.1 
Design Tool Support 


A critical design consideration is time to market. Intel 
provides a sophisticated set of design tools to speed hard- 
ware and software development time of 8044 based 
products. These include ICE-44. ASM-SI. PL/ M-51,and 
EMV-44. 


Figure 16-5. RUPI"'·44 Development Support 


Configuration Intellec. 
System, 


ICE"'·44 Buffer Box, and ICE·44 
Module Plugged into a User 
Prototype Board. 


A primary tool is the 8044 In Circuit Emulator, called 
ICE-44. See Figure 16-5. In conjunction with Intel's In- 
tellec* Microprocessor Oevelopment System, the ICE- 
44 emulator allows hardware and software development 
to proceed interactively., This approach is more effective 
than the traditional 
method of independent hardware 
and software development followed by system integra- 
tion. With the ICE-44 module, prototype hardware can 
be added to the system as it is designed. Software and 
hardware integration occurs while the product is being 
developed. 


The ICE-44 emulator assists four stages of development: 


It can be operated without being connected to the us- 
er's system before any of the user's hardware is avail- 
able. In this stage ICE-44 debugging capabilities 
can be used in conjunction with the Intellec text edi- 


tor and 8044 macroassembler 
to facilitate 
program 


development. 


2) 
Hardware 
Development 


The ICE-'44 module's 
precise emulation 
characteris- 
tics and full-speed 
program 
RAM make it a valuable 


tool 
for debugging 
hardware, 
including 
the 
time- 


critical 
SDLC 
serial 
port, 
parallel 
port, 
and timer 


interfaces. 


3) 
System 
Integration 


Integration 
of software 
and 
hardware 
can 
begin 


when 
any 
functional 
element 
of the 
user 
system 


hardware 
is connected 
to the 8044 socket. 
As each 


section of the user's hardware 
is completed, 
it is add- 


ed to the prototype. 
Thus, 
each section 
of the hard- 
ware 
and 
software 
is system 
tested 
in real-time 


operation 
as it becomes 
available. 


4) 
System 
Test 


When 
the user's 
prototype 
is complete, 
it is tested 


with 
the final 
version 
of the user 
system 
software. 
The ICE-44 
module 
is then used for real-time 
emu- 


lation of the 8044 to debug the system as a completed 
unit. 


The final product 
verification 
test may be performed 


using the 8744 EPROM 
version of the 8044 micro- 


computer. 
Thus, 
the 
ICE-44 
module 
provides 
the 


user with the ability 
to debug a prototype 
or produc- 


tion system 
at any stage in its development. 


A conversion 
kit, ICE-44 
CON, 
is available 
to upgrade 


an ICE-51 
module 
to ICE-44. 


Intel's 
ASM-51 
Assembler 
supports 
the 
8044 
special 


function 
registers 
and assembly 
program 
development. 


PL/M-51 
provides 
designers 
with a high level language 


for the 8044. Programming 
in PL/M 
can greatly 
reduce 


development 
time, and ensure quick time to market. 


These 
tools 
have 
recently 
been 
expanded 
with 
the 
addition 
of the EMV-44CON. 
This conversion 
kit allows 
you to convert 
an EMV-51 
into an EMV-44 
emulation 


vehicle. The resultant 
low cost emulator 
is design for use 


with an iPDS 
Personal 
Development 
System, 
which also 
supports 
the 
ASM-51 
assembler 
and 
PL 
M-51. 
See 


Figure 
16-6. 


Figure 
16-6. RUPI-44 
iPDS 
Personal 
Development 
System, 
EMV-44 Buffer 
Box, and EMV- 
44 Module 
Plugged 
into a User Proto- 
type Board. 


Emulation 
support 
is similar to the ICE-44 with support 


for 
Software 
and 
Hardware 
Development, 
System 


Integration, 
and 
System 
Test. 
The 
iPDS's 
rugged 


portability 
and ease of use also make it an ideal system for 


production 
tests and field service of your finished design. 


In addition, 
the 
iPDS 
offers 
EPROM 
programming 


module for the 8744, and direct communications 
with the 
8044-based 
BITBUS via an optional 
iSBX344distributed 
control 
module. 


Intel provides 
8051 training 
to its customers 
through 
the 


5-day 
8051 
workshop. 
Familiarity 
with 
the 
8051 
and 
8044 is achieved 
through 
a combination 
of lecture 
and 
laboratory 
exercises. 


For designers 
not familiar 
with the 8051, the workshop 
is an effec~ive way to become 
proficient 
with the 8051 
architecture 
and capabilities. 
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CHAPTER 
17 
8044 ARCHITECTURE 


The 8044 is based on the 8051 core. The 8044 replaces 
the 8051's serial port with an intelligent HDLC/SDLC 
controller called the Serial Interface or SIU. Thus the 
differences between the two result from the 8044's in- 
creased on-chip RAM (192 bytes) and additional spe- 
cial function registers necessary to control the SIU. 
Aside from the increased memory, the SIU itself, and 
differences in 5 pins (for the serial port), the 8044 and 
8051 are compatible. 


This chapter describes the differences between the 8044 
and 8051. Information pertaining to the 8051 core, ego 
instruction set, port operation, EPROM programming, 
etc. is located in the 8051 sections of this manual. 


A block diagram of the 8044 is shown in Figure 17-1. 
The pinpoint is shown on the inside front cover. 


The 8044 maintains separate address spaces for Pro- 
gram Memory and Data Memory. The Program Mem- 
ory can be up to 64K bytes long, of which the lowest 4K 
bytes are in the on-chip ROM. 


If the EA pin is held high, the 8044 executes out of inter- 
nal ROM unless the Program Counter exceeds OFFFH. 
Fetches from locations 1000H through FFFFH are di- 
rected to external Program Memory. 


If the EA pin is held low, the 8044 fetches all instruc- 
tions from external Program Memory. 


The Data Memory consists of 192 bytes of on~chip 
RAM,plus 35 Special Function Registers, in addition to 
which the d~vice is capable of accessing up to 64K bytes 
of external data memory. 


The Program Memory uses 16-bit addresses. The exter- 
nal Data Memory can use either 8-bit or 16-bit address- 
es. The internal 
Data Memory uses 8-bit addresses, 
which provide a 256-location address space. The lower 
192 addresses access the on-chip RAM. The Special 
Function Registers occupy various locations in the upper 
128 bytes of the same address space. 


The lowest 32 bytes in the internal RAM (locations 00 
through 1FH) are divided into 4 banks of registers, each 
bank consisting of 8 bytes. Anyone of these banks can be 
selected to be the "working registers" of the CPU, and 
can be accessed by a 3-bit address in the same byte as the 
opcode of an instruction. Thus, a large number of in- 
structions are one-byte instructions. 


The next higher 16bytes of the internal RAM (locations 
20H through 2FH) have individually addressable bits. 
These are provided for use as software flags or for one- 
bit (Boolean) processing. This bit-addressing capability 
is an important feature of the 8044. In addition to the 
128 individually addressable bits in RAM, twelve of the 
Special 
Function 
Registers 
also 
have 
individually 


addressable bits. 


A memory map is shown in Figure 17-2. 


The Special Function Registers are as follows: 


• 
ACC 
Accumulator (A Register) 


• 
B 
B Register 
• 
PSW 
Program Status Word 
SP 
Stack Pointer 
DPTR 
Data Pointer (consisting of DPH 
AND DPL) 
Port 0 
Port I 
Port 2 
Port 3 
Interrupt Priority 
Interrupt Enable 
Timer /Counter Mode 
Timer/Counter 
Control 
Timer /Counter 0 (high byte) 
Timer /Counter 0 (low byte) 
Timer /Counter 
1 (high byte) 


Timer/Counter 
1 (low byte) 


Serial Mode 
Status/Command 
Send/Receive Count 
Station Address 
Transmit Buffer Start Address 
Transmit Buffer Length 
Transmit Control Byte 
Receive Buffer Start Address 
Receive Buffer Length 
Received Field Length 
Received Control Byte 
DMACount 
FIFO (three bytes) 
SIU State Counter 
Power Control 


• 
PO 
• 
PI 
• 
P2 
• 
P3 
• 
IP 
• 
IE 
TMOD 
• 
TCON 
THO 
TLO 
THI 
TLi 
SMD 
• 
STS 
• 
NSNR 
STAD 
TBS 
TBL 
TCB 
RBS 
RBL 
RFL 
RCB 
DMA CNT 
FIFO 
SIUST 
PCON 


The registers marked with • are both byte- and bit- 
addressable. 
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Stack Pointer 


The Stack 
Pointer 
is 8 bits wide. The stack 
can reside 
anywhere 
in the 
192 bytes of on-chip 
RAM. 
When 
the 
8044 
is reset, 
the 
stack 
pointer 
is initialized 
to 07H. 
When 
executing 
a PUSH 
or a CALL, 
the stack pointer 
is incremented 
before data 
is stored, 
so the stack would 
begin at location 
08H. 


17.1.2 Interrupt Control Registers 


The Interrupt 
Request 
Flags are as listed below: 


Source 
Request Flag 
Location 


External 
Interrupt 
0 INTO, if ITO = 0 
P3.2 
lEO, if ITO = 
I 
TCON.I 


External 
Interrupt 
I INTI, 
if ITI 
= 0 
P3.3 
IEl,ifITI=1 
TCON.3 


TCON.7 


STS.4 


External 
Interrupt 
control 
bits 
ITO and 
IT I are 
in 


TCON.O 
and 
TCON.2, 
respectively. 
Reset 
leaves 
all 
flags inactive, 
with ITO and ITI cleared. 


All the interrupt 
flags can be set or cleared 
by software, 


with the same effect as by hardware. 


The 
Enable 
and 
Priority 
Control 
Registers 
are shown 
below. All of these control 
bits are set or cleared 
by soft- 


ware. All are cleared 
by reset. 


disables 
all interrupts. 
If EA = 0, no 


interrupt 
will be acknowledged. 
If EA 


= 
I, each interrupt 
source 
is individ- 


ually enabled 
or disabled 
by setting 
or 


clearing 
its enable 
bit. 


ES 
enables or disables the Serial Inter- 
face Unit interrupt. If ES = 0, the Se- 
rial 
Interface 
Unit 
interrupt 
is 
disabled. 


ETI 
enables or disables the Timer I Over- 
flow interrupt. If ETI = 0, the Timer 
I interrupt is disabled. 


EX I 
enables or disables External Interrupt 
I. If EX I = 0, External Interrupt I is 
disabled. 


ETO 
enables or disables the Timer 0 Over- 
flow interrupt. If ETO = 0, the Timer 
o interrupt is disabled. 


IP: Interrupt 
Priority Register 
(bit-addressable) 


Bit: 7 6 
5 
4 
3 
2 
I 
0 


~lpT1lpXllpTOlpxol 


PS 
defines the Serial Interface Unit in- 
terrupt 
priority level. PS = I pro- 
grams it to the higher priority level. 


PTI 
defines the 'Timer I interrupt priority 
level. PTI 
= I programs it to the 
higher priority level. 


PX I 
defines the External Interrupt I prior- 
ity level. PX I = I programs it to the 
higher priority level. 


PTO 
defines the Timer 0 interrupt priority 
level. PTO = I programs it to the 
higher priority level. 


PXO 
defines the External Interrupt 0 prior- 
ity level. PXO = I programs it to the 
higher priority level. 


112 
Memory Organization 
Details 


In the 8044 family the memory is organized over three 
address spaces and the program counter. The memory 
spaces shown in Figure 18-2 are the: 


64K-byte Program Memory address space 


64K-byte External Data Memory address space 


320-byte Internal Data Memory address space 


The 16-bit Program Counter register provides the 8044 
with its 64K addressing 
capabilities. 
The Program 


Counter allows the user to execute calls and branches to 


any location within the Program Memory space. There 
are no instructions that permit program execution to 
move from the Program Memory space to any of the 
data memory spaces. 


In the 8044 and 8744 the lower 4K of the 64K Program 
Memory address space is filled by internal ROM and 
EPROM, respectively. By tying the EA pin high, the 
processor can be forced to fetch from the internal 
ROM/EPROM 
for Program 
Memory 
addresses 
0 
through 
4K. Bus expansion 
for accessing Program 
Memory beyond 4K is automatic since external instruc- 
tion fetches occur automatically 
when the Program 
Counter increases above 4095. If the EA pin is tied low 
all Program Memory fetches are from external memory. 
The execution speed of the 8044 is the same regardless 
of whether fetches are from internal or external Pro- 
gram Memory. If all program storage is on-chip, byte lo- 
cation 
4095 should 
be left vacant 
to prevent 
an 
undesired prefetch from external Program Memory ad- 
dress 4096. 


Certain locations in Program Memory are reserved for 
specific programs. Locations 0000 through 0002 are re- 
served for the initialization program. Following reset, 
the CPU always begins execution at location 0000. Lo- 
cations 0003 through 0042 are reserved for the five in- 
terrupt-request 
service programs. Each resource that 
can request an interrupt requires that its service pro- 
gram be stored at its reserved location. 


The 64K-byte External Data Memory address space is 
automatically accessed when the MOVX instruction is 
executed. 


Functionally the Internal 
Data Memory is the most 
flexible of the address spaces. The Internal Data Mem- 
ory space is subdivided into a 256-byte Internal Data 
RAM address space and a 128-byte Special Function 
Register address space as shown in Figure 
17-3. 


The Internal Data RAM address space is 0 to 255. Four 
8-Register Banks occupy locations 0 through 31. The 
stack can be located anywhere in the Internal 
Data 


RAM address space. In addition, 128 bit locations of the 
on-chip RAM are accessible through Direct Address- 
ing. These bits reside in Internal Data RAM at byte lo- 
cations 32 through 47. Currently locations 0 through 
191 of the Internal Data RAM address space are filled 
with on-chip RAM. 


The stack depth is limited only by the available Internal 
Data RAM, thanks to an 8-bit reloadable Stack Pointer. 
The stack is used for storing the Program Counter dur- 
ing subroutine calls and may be used for passing param- 
eters. Any byte of Internal 
Data 
RAM or Special 


Function Register accessible through Direct Addressing 
can be pushed/popped. 


SPECIAL 
FUNCTION 
REGISTERS 
~ 
255 255 
248 
F8H 
FOH 
E8H 
EOH 
D8H 


RAM 
DOH 


~ 
C8H 


D 


COH 


191 
B8H 
SOH 
A8H 
AOH 
98H 
90H 
88H 


1;.::2~8, 
..:,:13;.::.5 
_1;.::28::.180H 


ADDRESS· 
ABLE 
BITS IN 
SFRs 
(128 BITS) 


127 


ADDRESS· 
1! 
ABLE 
BITS IN 
SFR. 
II 
(128 BITS) 
~ 


REGISTERS 
1! 
..!. 


-Jl. 


127 
120 


7 
0 


:~ 
BANK3 


:~ 
BANK 2 


R7 
RO BANK 1 


~~ BANKO 


Figure 
17-3. 
Internal 
Data 
Memory 
Address 
Space 


The Special Function Register address space is 128 to 
255. All registers except the Program Counter and the 
four 8-Register Banks reside here. Memory mapping the 
Special Function Registers allows them to be accessed 
as easily as internal RAM. As such, they can be operat- 
ed on by most instructions. In the overlapping memory 
space (address 128-191), indirect addressing is used to 
access RAM, and direct addressing is used to access the 
SFR's. The SFR's at addresses 192-255 are also ac- 
cessed using direct addressing. The Special Function 
Registers are listed in Figure 17-4.Their mapping in the 
Special Function Register address space is shown in 
Figures 
17-5and 
17-6. 


Performing a read from a location of the Internal Data 
memory where neither a byte of Internal Data RAM 
(i.e., RAM addresses 192-255) nor a Special Function 
Register exists will access data of indeterminable value. 


Architecturally, each memory space is a linear sequence 
of 8-bit wide bytes. By Intel convention the storage of 
multi-byte address and data operands in program and 
data memories is the least significant byte at the low- 
order address and the most significant byte at the high- 
order address. Within byte X, the most significant bit is 


ARITHMETIC REGISTERS: 
Accumulator", 
B register", 
Progam Status Word" 
POINTERS: 
Stack Pointer, Data Pointer (high & 
low) 
PARALLEL I/O PORTS: 
Port 3", Port 2", Port 1", Port 0" 
INTERRUPT SYSTEM: 
Interrupt 
Priority Control" , 
Interrupt 
Enable Control" 
TIMERS: 
Timer MODe, Timer CONtro'", Timer 1 
(high & low), Timer 0 (high & low) 
SERIAL INTERFACE UNIT: 
Transmit Buffer Start, 
Transmit 
Buffer Length, 
Transmit Control Byte, 
Send Count Receive Count", 
DMACount, 
Station Address 
Receive Field Length 
Receive Buffer Start 
Receive Buffer Length 
Receive Control Byte, 
Serial Mode, 
Status Register. " 


represented by X.7 while the least significllnt bit is X.O. 
Any deviation from these conventions will be explicitly 
stated in the text. 


17.2.1 
Operand 
Addressing 


There are five methods of addressing source operands. 
They are Register Addressing, Direct Addressing, Reg- 
ister-Indirect 
Addressing, Immediate Addressing and 


Base-Register-plus 
Index-Register- Indirect 
Address- 


ing. The first three of these methods can also be used to 
address a destination operand. Since operations in the 
8044 require 0 (NOP only), I, 2, 3 or 4 operands, these 
five addressing methods are used in combinations to pro- 
vide the 8044 with its 21 addressing modes. 


Most instructions have a "destination, source" field that 
specifies the data type, addressing methods and oper- 
ands involved. For operations other than moves, the des- 
tination operand is also a source operand. For example, 
in "subtract-with-borrow 
A, #5" the A register receives 


the result of the value in register A minus 5, minus C. 


Most operations involveoperands that are located in In- 
ternal Data Memory. The selection of the Program 
Memory space or External Data Memory space for a 


second 
operand 
is determined 
by the 
operation 
mne- 
monic unless it is an immediate 
operand. 
The subset 
of 
the 
Internal 
Data 
Memory 
being 
addressed 
is deter- 
mined by the addressing 
method 
and address 
value. For 
example, 
the Special 
Function 
Registers 
can be accessed 


only through 
Direct Addressing 
with an address 
of 128- 


255. A summary 
of the operand 
addressing 
methods 
is 
shown in Figure 
17-6. The following 
paragraphs 
describe 
the five addressing 
methods. 


ARITHMETIC 
REGISTERS: 


Accumulator·. 
B register·. 


Progam Status Word* 
POINTERS: 


Stack Pointer, Data Pointer (high & 
low) 
PARALLEL 
I/O PORTS: 


Port 3" Port 2" Port 1·, Port O· 


INTERRUPT 
SYSTEM: 


Interrupt Priority Contro'*. 
Interrupt 
Enable 
Control* 


TIMERS: 
Timer Mode, Timer Contro'*. Timer 1 
(high & low), Timer 0 (high & low) 
SERIAL INTERFACE 
UNIT: 
Serial Mode. Status/Command-, 
Send/Receive 
Count*. Station Address, 


Transmit Buffer Start Address, 
Transmit Buffer Length, 
Transmit 
Control 
Byte, 


Receive 
Buffer 
Start 
Address, 


Receive Buffer Length, 
Receive Field length, 
Receive 
Control 
Byte, 


DMA Count, 
FIFO (three bytes), 
SIU Controller State Counter 


17.2.2 Register Addressing 


Register 
Addressing 
permits 
access to the eight registers 


(R 7-RO) of the selected 
Register 
Bank (RB). 
One of the 
four 8-Register 
Banks is selected 
by a two-bit 
field in the 


PSW. The registers 
may also be accessed 
through 
Direct 
Addressing 
and Register- 
Indirect 
Addressing, 
since the 
four Register 
Banks are mapped 
into the lowest 32 bytes 


of Internal 
Data 
RAM 
as shown 
in Figures 
17-9 and 


17-10. Other 
Internal 
Data Memory 
locations 
that are 


addressed 
as registers 
are A. B. C. AB and 
DPTR. 


Figure 17-5. Mapping 
of Special 
Function 
Registers 


B REGISTER 
ACCUMULATOR 
'THREE 
BYTE FIFO 


TRANSMIT 
BUFFER START 


TRANSMIT 
BUFFER LENGTH 
TRANSMIT 
CONTROL BYTE 
'SIU STATE COUNTER 
SEND COUNT RECEIVE COUNT 
PROGRAM STATUS WORD 
"DMA COUNT 
STATION ADDRESS 
RECEIVE FIELD LENGTH 
RECEIVE BUFFER START 
RECEIVE BUFFER LENGTH 
RECEIVE CONTROL BYTE 
SERIAL MODE 
STATUS REGISTER 
INTERRUPT PRIORITY CONTROL 
PORT 3 
INTERRUPT ENABLE CONTROL 
PORT 2 
PORT 1 
TIMER HIGH 1 
TIMER HIGH 0 
TIMER LOW 1 
TIMER LOW 0 
TIMER MODE 
TIMER CONTROL 
DATA POINTER HIGH 
DATA POINTER LOW 
STACK POINTER 
PORT 0 


SYMBOLIC 
ADDRESS 
~ 


B 
ACC 
FIFO 
FIFO 
FIFO 
TBS 
TBL 
TCB 
SIUST 
NSNR 
PSW 
DMA CNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 
P3 
IE 
P2 
P1 
TH1 
THO 
TL1 
TLO 
TMOD 
TCON 
DPH 
DPL 
SP 
PO 


247 
through 
240 
231 
tnrou 
224 


223 
throuah 
216 
215 
throuah 
208 


207 
throu 
200 
191 
throu 
184 
183 
throu 
176 
175 
throu 
188 
167 
thro 
160 
151 
t 
rou 
144 


143 
throuah 
136 


135 
throuah 
128 


240 
(FOH) 
224 
(EOH) 
223 
(DFH) 
222 
(DEH) 
221 
(DOH) 
220 
(DCH) 
219 
(DBH) 
218 
(DAH) 
217 
(D9H) 
216 
(D8H) 
208 
(DOH) 
207 
(CFH) 
206 
(CEH) 
205 
(CDH) 
204 
(CCH) 
203 
(CBH) 
202 
(CAH) 
201 
(C9H) 


200 
(C8H) 
184 
(B8H) 
176 
(BOH) 
168 
(A8H) 
160 
(AOH) 
144 
(90H) 
141 
(8DH) 
140 
(8CH) 
139 
(8BH) 
138 
(8AH) 
137 
(89H) 
138 
(88H) 
131 
(83H) 
130 
(82H) 
129 
(81H) 
128 
(SOH) 


Direct 
Byte 
Address 
(MSB) 


• Register Addressing 
- 
R7-RO 
-A,B,C 
(bit), AB (two bytes), 


DPTR (double byte) 
• Direct Addressing 
Lower 128 bytes of Internal Data 
RAM 
Special Function Registers 
128 bits in subset of Special 
Function Register address space 
• Register-Indirect 
Addressing 
Internal Data RAM [@R1, @RO, 
@SP(PUSH and POP only)] 
Least Significant 
Nibbles in 
Internal Data RAM (@R1, @RO) 
External Data Memory (@R1, 
@RO, @DPTR) 
• Immediate Addressing 
- 
Program Memory (in-eode con- 
stant) 
• Base-Register-plus 
Index-Register- 
Indirect Addressing 
Program Memory (@ DPTR + A, 
@ PC+A) 


Hardware 
Register 
(LSB) 
Symbol 


F7 I F6 
F5 I F4 
F3 
F2 
F1 
FO 


E7 I E6 
E5 I E4 
E3 
E2 I E1 
EO 


NS2 
NS1 NSO SES NR2 
NR1 NRO SER 


OF 
DE 
001 
DC 
DB 
OAI09 
08 


CY 
AC 
FO 
RS1 
RSO 
OV 
P 


07 I 06 I 05 I 04 I 03 I 02 I 01 I DO 
TBF 
RE 
RTS 
SI 
BV 
CPB 
AM 
RBP 


CF 
CE 
COI 
CC 
CB I CA 
C9 
C8 
PS 
PTl 
PX1 
PTO PXO 


- 
I - 
I - 
I BC I BB I BA I B9 I B8 


B7 
B6 
B5 I B4 
B3 
B2 
B1 
SO 


EA 
E5 
ETl 
EX1 
ETO EXO 


AF - 
-lAC 
AB 
AA I A9 
A8 


A7 I A6 I A5 I A4 I A3 I A2 I A1 I AO 


97 
96 
95 I 94 
93 
92 
91 
90 


TF1 
TR1 
TFO TRO 
IE1 
ITl 
IEO 
ITO 


8F 
8E 
80 
I 8C 
8B 
8A 
89 
88 


87 
86 
85 I 84 
83 
82 
81 
80 


Figure 17-7. Special Function Register Bit 
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Figure 17-10. Addressing 
Operands in Internal 


Data Memory 


17.2.3 
Direct Addressing 


Direct Addressing provides the only means of accessing 
the memory-mapped byte-wide Special Function Regis- 
ters and memory mapped bits within the Special Func- 
tion 
Registers 
and 
Internal 
Data 
RAM. 
Direct 


Addressing of bytes may also be used to access the lower 
128 bytes of Internal Data RAM. Direct Addressing of 
bits gains access to a 12&bit subset of the Internal Data 
RAM and 128 bit subset of the Special Function Regis- 
ters as shown in Figures 17-5, 17-6. 17-9.and 17-10. 


Register- Indirect Addressing using the content of RI or 
ROin the selected Register Bank, or using the content of 
the Stack Pointer (PUSH and POP only), addresses the 
Internal Data RAM. Register-Indirect 
Addressing is 


also used for accessing the External Data Memory. In 
this case, either R I or ROin the selected Register Bank 
may be used for accessing locations within a 256-byte 
block. The block number can be preselected by the con- 
tents of a port. The 16-bit Data Pointer may be used for 
accessing any location within the full 64K external ad- 
dress space. 


Reset is accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator periods) while 
the oscillator is running. The CPU responds by execut- 
ing an internal reset. It also configures the ALE and 
PSEN pins as inputs. (They are quasi-bidirectional.) 
The internal reset is executed during the second cycle in 
which RST is high and is repeated every cycle until RST 
goes low. It leaves the internal registers as follows: 


Register 
Content 


PC 
OOOOH 


A 
OOH 


B 
OOH 


PSW 
OOH 


SP 
07H 


DPTR 
OOOOH 


PO- P3 
OFFH 


IP 
(XXXOOOOO) 


IE 
(OXXOOOOO) 


TMOD 
OOH 


TCON 
OOH 


THO 
OOH 


TLO 
OOH 


THI 
OOH 


TLi 
OOH 


SMD 
STS 
NSNR 


STAD 
TBS 
TBl 


TCB 


RBS 
RBl 
RFl 


RCB 
DMACNT 
FIFOI 
FlF02 
FIF03 
SIUST 
PCON 


OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OIH 
(OXXXXXXX) 


The internal RAM is not affected by reset. When VCC 
is turned on. the RAM content is indeterminate unless 
VPD was applied prior to VCC being turned off (see 
Power Down Operation.) 


vss: Circuit ground potential. 


VCC: 
Supply voltage during 
programming 
(of the 
8744), verification (of the 8044 or 8744), and normal 
operation. 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. It is also the multiplexed low-order address and 
data bus during accesses to external memory (during 
which accesses it activates internal pullups). It also out- 
puts instruction 
bytes during 
program 
verification. 
(External pullups are required during program verifica- 
tion.) Port 0 can sink eight LS TTL inputs. 


Port 1: Port) 
is an 8-bit bidirectional I/O port with in- 
ternal pullups. It receives the low-order address byte 
during program verification in the 8044 or 8744. Port) 
can sink/source four LS TTL inputs. It can drive MOS 
inputs without external pullups. 


Two of the Port I pins serve alternate functions, as listed 
below: 


Port Pin 
Alternate Function 


Pl.6 
RTS (R~t 
to Send). In a non-loopconfig- 
uration, RTS signals that the 8044 is ready to 
transmit data. 


P1.7 
CTS 
(Clear 
to Send). 
In a non-loop 
config- 


uration, 
CTS signals 
to the 8044 that the re- 


ceiving station 
is ready to accept 
data. 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with in- 
ternal 
pullups. 
It emits the high-order 
address 
byte dur- 


ing accesses 
to external 
memory. 
It also receives 
the 
high-order 
address 
bits and control 
signals 
during 
pro- 


gram 
verification 
in the 8044 or 8744. Port 2 can sink/ 
source 
four 
LS TTL 
inputs. 
It can drive 
MOS 
inputs 


without 
external 
pullups. 


Port 3: Port 3 is an 8-bit bidirectional 
I/O 
port with in- 


ternal 
pullups. 
Port 3 can sink/source 
four LS TTL 
in- 


puts. It can drive MOS inputs 
without 
external 
pullups. 


Port 
3 pins 
also 
serve 
alternate 
functions, 
as listed 
below: 


Alternate Function 


RXD 
(s~ial 
input port in loop configura- 
tion). 
I/O 
(data 
direction 
control 
in non- 


loop configuration). 


TXD 
(serial 
output 
port 
in loop config- 


uration). 
DATA input/output 
pin in non- 


loop configuration. 


INTO (external 
interrupt) 


INTI 
(external 
interrupt) 


TO (Timer 
0 external 
input) 


Tl 
(Timer 
I external 
input) 
SCLK 
(Se- 


rial Data Clock Input) 


P3.6 
WR (external 
Data Memory 
write strobe) 


P3.7 
RD (external 
Data 
Memory 
read strobe) 


RST/VPD: 
A high level on this pin for two machine 
cy- 


cles while the oscillator 
is running 
resets the device. An 


P3.2 


P3.3 


P3.4 


P3.5 


internal 
pulldown 
permits 
Power-On 
reset using only a 


capacitor 
connected 
to VCC. 


ALE/PROG: 
Address 
Latch 
Enable 
output 
for latching 
the low byte of the address 
during 
accesses 
to external 


memory. 
ALE 
is activated 
though 
for this purpose 
at a 


constant 
rate of 1/6 the oscillator 
frequency 
even when 


external 
memory 
is not being accessed. 
Consequently 
it 


can 
be used 
for external 
clocking 
or timing 
purposes. 


(However, 
one ALE pulse is skipped 
during 
each access 


to external 
Data Memory.) 
This pin is also the program 


pulse input (PROG) 
during 
EPROM 
programming. 


PSEN: Program 
Store 
Enable 
output 
is the read strobe 


to external 
Program 
Memory. 
PSEN 
is activated 
twice 


each 
machine 
cycle 
during 
fetches 
from external 
Pro- 


gram 
Memory. 
(However, 
when executing 
out of exter- 


nal 
Program 
Memory 
two activations 
of PSEN 
are 
skipped 
during 
each access 
to external 
Data Memory.) 


PSEN 
is not activated 
during 
fetches 
from internal 
Pro- 


gram 
Memory. 


EA/VPP: 
When 
EA is held high the CPU 
executes 
out 


of 
internal 
Program 
Memory 
(unless 
the 
Program 


Counter 
exceeds 
(OFFFH). 
When 
EA is held 
low the 
CPU executes 
only out of external 
Program 
Memory. 
In 


the 8344, EA must be externally 
wired low. In the 8744, 


this pin also receives 
the 21 V programming 
supply volt- 
age (VPP) 
during 
EPROM 
programming. 


XTAL 1: Input 
to the inverting 
amplifier 
that forms the 
oscillator. 
Should 
be grounded 
when an external 
oscilla- 


tor is used. 


XTAL2: Output 
of the inverting 
amplifier 
that forms the 
oscillator, 
and input to the internal 
clock generator. 
Re- 
ceives the external 
oscillator 
signal when an external 
os- 
cillator 
is used. 


10 


CHAPTER 18 
THE 8044 SERIAL INTERFACE 
UNIT 


The serial 
interface 
provides 
a high-performance 
com- 


munication 
link. The protocol 
used for this communica- 


tion 
is based 
on 
the 
IBM 
Synchronous 
Data 
Link 


Control 
(SDLC). 
The 
serial 
interface 
also supports 
a 
subset 
of the ISO HDLC 
(International 
Standards 
Or- 


ganization 
High-Level 
Data 
Link Control) 
protocol. 


The 
SDLC/HDLC 
protocols 
have 
been 
accepted 
as 
standard 
protocols 
for many 
high-level 
teleprocessing 


systems. 
The serial interface 
performs 
manyofthe 
func- 


tions required 
to service 
the data 
link without 
interven- 
tion from the 8044's own CPU. 
The programmer 
is free 
to concentrate 
on the 8044's 
function 
as a peripheral 


controller, 
rather 
than having 
to deal with the details 
of 
the communication 
process. 


Five pins on the 8044 are involved with the serial 
inter- 


face (refer 
to Section 
12.4, Family 
Pin Description, 
for 


details): 


Pin 7 


Pin 8 


Pin 10 


Pin II 


Pin 15 


RTS/PI6 


CTS/PI7 


I/O/RXD/P30 


DATA/TXD/P3l 


SCLK/T 
I/P35 


Figure 
18-1 is a functional 
block 
diagram 
of the serial 


interface 
unit (SIU). 
More details 
on the SIU hardware 


are given 
in Section 
1-8.9. 


The serial 
interface 
is capable 
of operating 
in three 
se- 


rial data 
link configurations: 


I) 
Half-Duplex, 
point-to-point 


2) 
Half-Duplex, 
multipoint 
(with a half-duplex 
or full- 


duplex 
primary) 


3) 
Loop 


Figure 
18-2 shows these three configurations. 
The RTS 


(Request 
to 
Send) 
and 
CTS 
(Clear 
to Send) 
hand- 


shaking 
signals 
are available 
in the point-to-point 
and 
multipoint 
configurations. 


The serial interface 
can operate 
in an externally 
clocked 


mode or in a self clocked 
mode. 


Externally 
Clocked 
Mode 


In the externally 
clocked 
mode, a common 
Serial 
Data 


Clock 
(SCLK 
on pin 
15) synchronizes 
the 
serial 
bit 
stream. 
This 
clock 
signal 
may 
come 
from 
the 
master 
CPU 
or primary 
station, 
or from 
an external 
phase- 


locked loop local to the 8044. Figure 
18-3 illustrates 
the 


timing relationships 
for the serial interface 
signals when 


the externally 
clocked 
mode 
is used 
in point-to-point 


and 
multipoint 
data 
link configurations. 


Incoming 
data 
is sampled 
at the rising edge of SCLK, 


and outgoing 
data 
is shifted 
out at the falling 
edge of 


SCLK. 
More detailed 
timing 
information 
is given in the 
8044 data sheet. 


Self Clocked 
(Asynchronous) 
Mode 


The 
self clocked 
mode 
allows 
data 
transfer 
without 
a 


common 
system 
data 
clock. 
Using 
an on-chip 
DPLL 
(digital 
phase 
locked loop) the serial 
interface 
recovers 
the data clock from the data stream 
itself. The DPLL 
re- 


quires 
a reference 
clock equal 
to either 
16 times 
or 32 


times 
the data 
rate. This reference 
clock may be exter- 


nally supplied 
or internally 
generated. 
When 
the serial 
interface 
generates 
this clock 
internally, 
it uses either 


the 
8044's 
internal 
logic 
clock 
(half 
the 
crystal 
fre- 
quency's 
PH2) 
or the "timer 
1" overflow. 
Figure 
18-4 
shows the serial interface 
signal timing relationships 
for 


the loop 
configuration, 
when 
the unclocked 
mode 
is 


used. 


Tlie DPLL 
monitors 
the received data 
in order to derive 
a data clock that is centered 
on the received bits. Center- 


ing is achieved 
by detecting 
all transitions 
of the 
re- 
ceived data, 
and then adjusting 
the clock transition 
(in 
increments 
of 1/16 bit period) 
toward 
the center 
of the 


received 
bit. The 
DPLL 
converges 
to the nominal 
bit 


center 
within 
eight bit transitions, 
worst case. 


To aid in the phase locked loop capture 
process, the 8044 


has a N RZI 
(non-return-to-zero 
inverted) 
data 
encod- 


ing and decoding 
option. 
NRZI 
coding 
specifies 
that 
a 
signal does not change 
state 
for a transmitted 
binary 
1, 


but does change 
state 
for a binary 
O. Using 
the NRZI 


coding with zero-bit 
insertion, 
it can be guaranteed 
that 


an active signal line undergoes 
a transition 
at least every 


six bit times. 


The maximum 
data 
rate in the externally 
clocked 
mode 


is 2.4M 
bits per second 
(bps) 
a half-duplex 
configura- 


tion, and I.OM in a loop configuration. 
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[n the 
self clocked 
mode 
with 
an external 
reference 


clock, the maximum 
data 
rate is 375K bps. 


[n the self clocked 
mode with an internally 
generated 


reference 
clock, and the 8044 operating 
with a 12 MHz 


crystal, 
the available 
data rates are 244 bps to 62.5k bps, 


187.5K bps and 375K bps. 


For more details 
see the table 
in the SMO 
register 
de- 


scription, 
below. 


The Serial 
Interface 
Unit (SIU) 
can operate 
in either of 
two response 
modes: 
. 


I) 
AUTO 
mode 


2) FLEXIBLE 
(NON-AUTO) 
mode 


In the AUTO 
mode, 
the S[U 
performs 
in hardware 
a 


subset of the SOLC 
protocol 
called 
the normal 
response 


mode. 
The AUTO 
mode enables 
the S[U 
to recognize 


and respond 
to certain 
kinds of SOLC 
frames 
without 


intervention 
from 
the 8044's 
CPU. 
AUTO 
mode 
pro- 


vides a faster turnaround 
time and a simplified 
software 


interface, 
whereas 
NON-AUTO 
mode provides a great- 


er 
flexibility 
with 
regard 
to 
the 
kinds 
of operation 


permitted. 


In AUTO 
mode, the 8044 can act only as a normal 
re- 


sponse mode secondary 
station-that 
is, it can transmit 


only when instructed 
to do so by the primary 
station. 
All 


such 
AUTO 
mode 
responses 
adhere 
strictly 
to IBM's 


SOLC 
definitions. 


In the FLEXIBLE 
mode, 
reception 
or transmission 
of 


each frame 
by the SIU is performed 
under 
the control 


of 
the CPU. 
In this 
mode 
the 
8044 can 
be either 
a 
primary 
station 
or a secondary 
station. 


In both 
AUTO 
and 
FLEXIBLE 
modes, 
short 
frames. 
aborted 
frames. 
or frames 
which 
have had CRe's 
are 


ignored 
by the SIU. 


The basic format 
of an SOLC 
frame 
is as follows: 


~Address 
~ 
Information 
~ 


Format 
variations 
consist of omitting 
one or more of the 
fields in the SOLC 
frame. 
For example, 
a supervisory 


frame 
is formed 
by omitting 
the information 
field. Su- 


pervisory 
frames 
are used to confirm 
received 
frames, 


indicate 
ready or busy conditions, 
and to report 
errors. 


More details 
on frame 
formats 
are given in the SOLC 


Frame 
Format 
Options 
section, 
below. 


To enable 
the S[U 
to receive 
a frame 
in AUTO 
mode, 


the 8044 CPU 
sets up a receive 
buffer. 
This is done by 


writing 
two registers-Receive 
Buffer Start 
(RBS) 
Ad- 
dress and Receive 
Buffer 
Length 
(RBL). 


The SIU receives 
the frame, 
examines 
the control 
byte, 


and takes 
the appropriate 
action. 
If the frame 
is an in- 
formation 
frame, 
the SIU 
will load the receive 
buffer, 
interrupt 
the CPU (to have the receive buffer read), 
and 
make the required 
acknowledgement 
to the primary 
sta- 
tion. Oetails 
on these 
processes 
are given in the Oper- 
ation section, 
below. 


In addition 
to receiving 
the information 
frames, 
the SIU 
in AUTO 
mode is capable 
of responding 
to the following 
commands 
(found 
in the 
control 
field 
of supervisory 
frames) 
from the primary 
station: 


RR 
(Receive 
Ready): 
Acknowledges 
that 
the 
Pri- 
mary 
station 
has 
correctly 
received 
numbered 
frames 
up through 
NR -I, 
and that it is ready to re- 
ceive frame 
NR. 


RNR 
(Receive 
Not Ready): 
Indicates 
a temporary 
busy condition 
(at the primary 
station) 
due to buf- 
fering or other internal 
constraints. 
The quantity 
NR 
in the control 
field indicates 
the number 
of the frame 
expected 
after 
the busy condition 
ends, and may be 
used 
to acknowledge 
the 
correct 
reception 
of the 
frames 
up through 
NR -I. 


REJ 
(Reject): 
Acknowledges 
the correct 
reception 
of frames 
up through 
N R -I, 
and requests 
transmis- 
sion or retransmission 
starting 
at frame 
N R' The 
8044 
is capable 
of retransmitting 
at most the pre- 
vious frame, 
and then only if it is still available 
in the 
transmit 
buffer. 


UP 
(Unnumbered 
Poll): 
Also 
called 
NSP 
(Non- 
Sequenced 
Poll) or ORP 
(Optional 
Response 
Poll). 


This command 
is used in the loop configuration. 


To enable 
the SIU 
to transmit 
an information 
frame 
in 
AUTO 
mode, the CPU sets up a transmit 
buffer. This is 
done by writing 
two registers-Transmit 
Buffer 
Start 
(TBS) 
Address 
and 
Transmit 
Buffer 
Length 
(TBL), 


and filling 
the transmit 
buffer 
with the information 
to 
be transmitted. 


When 
the transmit 
buffer 
is full, the SIU can automati- 
cally 
(without 
CPU 
intervention) 
send an information 
frame 
([-frame) 
with 
the 
appropriate 
sequence 
num- 
bers, when 
the data 
link becomes 
available 
(when 
the 
8044 is polled for information). 
After the SIU has trans- 
mitted 
the I-frame, 
it waits for acknowledgement 
from 
the receiving 
station. 
[f the acknowledgement 
is nega- 
tive, the SIU retransmits 
the frame. 
If the acknowledge- 
ment is positive, 
the SIU interrupts 
the CPU, 
to indicate 
that 
the 
transmit 
buffer 
may 
be reloaded 
with 
new 


information. 


RTS 


CTS 
TRANSCEIVER/BUFFER 


I/O 
8044 
10 


[> 
DATA 
<J 


11 


SClK 
15 


~ 
TRANSMIT 
ABORTED 
BY 
CTS-1 


~ 
cO' 
s::;..• 
~ 


"" 
1IlII.. 
~ 
5';; 
::l 
IIIn 
~ 
II 
(» 
-t 
I 
0> 
3' 
:i' 
lC 
I 
1Il 
~ 


["'" 


0 
0'n~ 
II 
Co 
s:: 
[,," 


0 
Co 
II 


____ 
O_AT_A 
x~ 
G_A 
X~ 
O_N_E_.S 
~X~__ 
S_HU_T_'O_F_F_s_E_a 
__ 
X,," 
O_A_TA 
_ 


TRANSMISSION 
ABORTED 
BY 
SHUT·OFF 
SEQUENCE 


In addition to transmitting the information frames, the 
SIU in AUTO mode is capable of sending the following 
responses to the primary station: 


RR (Receive Ready): Acknowledges that the 8044 
has correctly received numbered frames up through 
NR -I, and that it is ready to receive frame NR. 


RNR (Receive Not Ready): Indicates a temporary 
busy condition (at the 8044) due to buffering or oth- 
er internal constraints. The quantity NR in the con- 
trol field indicates the number of the frame expected 
after the busy condition ends, and acknowledges the 
correct reception of the frames up through N R - I. 


In the FLEXIBLE (or non-auto) mode, all reception 
and transmission is under the control of the CPU. The 
full SOLC and HOLC protocols can be implemented, as 
well as any bit-synchronous variants of these protocols. 


FLEXIBLE mode provides more flexibility than AUTO 
mode, but it requires more CPU overhead, and much 
longer recognition and response times. This is especially 
true when the CPU is servicing an interrupt that has 
higher priority than the interrupts from the SIU. 


In FLEXIBLE mode, when the SIU receives a frame, 
it interrupts the CPU. The CPU then reads the control 
byte from the Receive Control Byte (RCB) register. If 
the received frame is an information 
frame, the CPU 
also reads the information from the receive buffer, ac- 
cording to the values in the Receive Buffer Start (RBS) 
address register and the Received Field Length (RFL) 
register. 


In FLEXIBLE mode, the 8044can initiate transmissions 
without being polled, and thus it can act as the primary 
station. 
To initiate 
transmission 
or to generate 
a 


response, the CPU sets up and enables the SIU. The SIU 
then formats and transmits the desired frame. Upon 
completion of the transmission, without waiting for a 
positive acknowledgement from the receiving station, 
the SIU interrupts the CPU. 


As mentioned above, variations on the basic SOLC 
frame consist of omitting one or more of the fields. The 
choice of which fields to omit, as well as the selection 
of AUTO mode versus FLEXIBLE mode, is specified 
by the settings of the following three bits in the Serial 
Mode Register (SMO) and the Status/Control 
Register 


(STS): 


SMO Bit 0: NFCS (No Frame Check Sequence) 


SMO Bit I: NB (Non-Buffered Mode-No 
Control 


Field) 


STS Bit 1: AM (AUTO Mode or Addressed Mode) 


Figure 18-5shows how these three bits control the frame 
format. 


The following paragraphs discuss some properties of the 
standard SOLC format, and the significance of omitting 
some of the fields. 


The standard SOLC format consists of an opening flag, 
an 8-bit address field, and 8-bit control field, an n-byte 
information 
field, a 16-bit Frame 
Check Sequence 
(FCS), and a closing flag. The FCS is based on the 
CCITT-CRC polynominal (X16 + XI2 + X5 + I). The 
address and control fields may not be extended. Within 
the 8044, the address field is held in the Station Address 
(STAO) register, and the control field is held in the Re- 
ceive Control Byte (RCB) or Transmit Control Byte 
(TCB) register. The standard 
SOLC format may be 


used in either AUTO mode or FLEXIBLE mode. 


18.5.2 No Control 
Field (Non-Buffered 
Mode) 


When the control field is not present, the RCB and TCB 
registers are not used. The information field begins im- 
mediately after the address field, or, if the address field 
is also absent, immediately after the opening flag. The 
entire information field is stored in the 8044's on-chip 
RAM. If there is no control field, FLEXIBLE mode 
must be used. Control information may, of course, be 
present in the information 
field, and in this manner 


the No Control Field option may be used for imple- 
menting extended control fields. 


The No Address Field option is available only in con- 
junction with the No Control Field option. The STAO, 
RCB, and TCB registers are not used. When both these 
fields are absent, the information field begins immedi- 
ately after the opening flag. The entire information field 
is stored in on-chip RAM. FLEXIBLE mode must be 
used. Formats without an address field have the follow- 
ing applications: 


Point-to-point data links (where no addressing is 
necessary) 


Monitoring line activity (receiving all messages re- 
gardless of the address field) 


Extended addressing 


Standard 
SOLC 
FLEXIBLE 
Mode 


Standard 
SOLC 
AUTO 
Mode 


No Control 
Field 
FLEXIBLE 
Mode 


No Control 
Field 
No Address 
Field 
FLEXIBLE 
Mode 


No FCS Field 
FLEXIBLE 
Mode 


No FCS Field 
AUTO 
Mode 


No FCS Field 
No Control 
Field 
FLEXIBLE 
Mode 


No FCS Field 
No Control 
Field 
No Address 
Field 
FLEXIBLE 
Mode 


F = Flag (01111110) 
A = Address 
Field 


C = Control 
Field 
Note: The AM bit is AUTO mode control 
bit when NB = 0, and Address 
Mode control 
bit when NB = 1. 


I = Information 
Field 
FCS = Frame Check 
Sequence 


In the normal 
case (N FCS =0), the last 
16 bits before 


the closing 
flag are the Frame 
Check 
Sequence 
(FCS) 


field. 
These 
bits 
are 
not stored 
in the 
8044's 
RAM. 


Rather, 
they are used to compute 
a cyclic 
redundancy 


check 
(CRC) 
on the data 
in the rest of the frame. 
A re- 
ceived 
frame 
with a CRC 
error 
(incorrect 
FCS) 
is ig- 


nored. 
In transmission, 
the FCS 
field is automatically 


computed 
by the SIU, 
and 
placed 
in the 
transmitted 


frame just prior to the closing flag. 


The N FCS bit (SMD 
Bit 0) gives the user the capability 


of overriding 
this automatic 
feature. 
When this bit is set 
(N FCS = I), all bits from the beginning 
of the informa- 


tion field to the beginning 
of the closing flag are treated 
as part of the information 
field, and are stored 
in the on- 
chip 
RAM. 
No FCS 
checking 
is done on the received 
frames, 
and 
no FCS 
is generated 
for the transmitted 
frames. 
The No FCS 
Field option 
may be used in con- 
junction 
with any of the other options. 
It is typically 
used 
in FLEXIBLE 
mode, 
althought 
it does not strictly 
in- 
clude 
AUTO 
mode. 
Use of the No FCS Field option 


AUTO Mode may, however, result in SDLC protocol 
violations, since the data integrity is not checked by the 
SIU. 


Formats 
without 
an FCS 
field have the following 


applications: 


Receiving and transmitting 
frames without verify- 
ing data integrity 


Using an alternate data verification algorithm 


Using an alternate CRC-16 polynomial (such as Xl6 
+ XiS + X2 + 1), or a 32-bit CRC 


Performing 
data 
link diagnosis by forcing false 


CRCs to test error detection mechanisms 


In addition to the applications mentioned above, all of 
the format variations are useful in the support of non- 
standard bit-synchronous protocols. 


In addition to its support ofSDLC communications, the 
8044 also supports some of the capabilities of HDLC. 
The following remarks indicate the principal differences 
between SDLC and HDLe. 


HDLC permits any number of bits in the informa- 
tion field, whereas SDLC requires a byte structure 
(multiple of 8 bits). The 8044 itself operates on byte 
boundaries, and thus it restricts fields to multiples of 
8 bits. 


HDLC provides functional extensions to SDLC: an 
unlimited address field is allowed, and extended 
frame number sequencing. 


HDLC 
does 
not 
support 
operation 
in 
loop 


configurations. 


The 8044 CPU communicates with and controls the SIU 
through hardware registers. These registers are accessed 
using direct addressing. The SIU special function regis- 
ters (SIU SFRs) are of three types: 


Control and Status Registers 


Parameter Registers 


ICE Support Registers 


18.7.1Control and Status Registers 


There are three SIU Control and Status Registers: 


Serial Mode Register (SMD) 


Status/Command 
Register (STS) 


Send/Receive Count Register (NSNR) 


The SMD, STS, and NSNR registers are all clc:ared by 
system reset. This assures that the SIU will power up in 
an idle state (neither receiving nor transmitting). 


These registers and their bit assignments are described 
below (see also the More Details on Registers section). 


The Serial Mode Register (Address C9H) selects the 
operational modes of the SIU. The 8044 CPU can both 
read and write SMD. The SIU can read SMD but can- 
not write to it. To prevent conflict between CPU and 
SIU access to SMD, the CPU should write SMD only 
when the Request To Send (RTS) and Receive Buffer 
Empty (RBE) bits (in the STS register) are both false 
(0). 
Normally, 
SMD 
is 
accessed 
only 
during 


initialization. 


The individual bits of the Serial Mode Register are as 
follows: 


The SCM bits decode as follows: 


SCM 
2 
1 
0 
--- 
000 
001 
010 
o 
I 
1 
100 


Bit # 
SMD.O 
SMD.I 


SMD.3 
SMDA 
SMD.5 
SMD.6 
SMD.7 


Name 
NFCS 


NB 


Description 
No FCS field in the SDLC frame. 
Non-Buffered 
mode. 
No 
control 


field in the SDLC frame. 


PFS 
Pre-Frame 
Sync 
mode. 
In 
this 


mode, the 8044 transmits two bytes 
before the first flag of a frame, for 
DPLL synchronization. If NRZI is 
enabled, 
OOH is sent; otherwise, 


55H is sent. In either case, 16 pre- 
frame transitions are guaranteed. 


LOOP Loop configuration. 
NRZI 
NRZI coding option. 


SCMO Select Clock Mode - 
Bit 0 


SCM I Select Clock Mode - 
Bit I 


SCM2 
Select Clock Mode - 
Bit 2 


Clock Mode 
Externally clocked 
Undefined 
Self clocked, timer overflow 
Undefined 


Data Rate 
(Bits/sec)- 
0-2AM-- 


SCM 
2 
1 
0 
--- 
I 
0 
I 


I 
I 
0 
I 
I 
I 


Clock Mode 


Self clocked, external 32x 
Self clocked, internal fixed 
Self clocked, internal fixed 


Data Rate 
(Bits/sec)* 


0-187.5K 
375K 
187.5k 


*Based on a 12 Mhz crystal frequency 
"0-1 
M bps in loop configuration 


The Status/Command 
Register (Address C8H) pro- 


vides operational control of the SIU by the 8044 CPU, 
and enables the SIU to post status information for the 
CPU's access. The SIU can read STS, and can alter cer- 
tain bits, as indicated below. The CPU can both read 
and write STS asynchronously. However, 2-cycle in- 
structions that access STS during both cycles ('lBC/B, 
REL' and 'MOY /B,C.') should not be used, since the 
SIU may write to STS between the two CPU accesses. 


The individual bits of the Status/Command 
Register 


are as follows: 


Bit # 
STS.O 
Name 
Description 
RBP 
Receive 
Buffer 
Protect. 
Inhibits 
writing of data into the receive buff- 
er. In AUTO mode, RBP forces an 
RNR response instead of an RR. 


AM 
AUTO Mode/Addressed Mode. Se- 
lects AUTO 
mode where AUTO 
mode is allowed. If NB is true, 
(= I), the AM bit selects the ad- 
dressed mode. AM may be cleared 
by the SIU. 


OPB 
Optional 
Poll 
Bit. 
Determines 
whether the SIU will generate an 
AUTO response to an optional poll 
(UP with P=O). OPB may be set or 
cleared by the SIU. 
BOY 
Receive Buffer Overrun. BOY may 
be set or cleared by the SIU. 


SI 
SIU Interrupt. This isone of the five 
interrupt sources to the CPU. The 
vector location = 23H. SI may be 
set by the SIU. It should be cleared 
by the CPU before returning from 
an interrupt routine. 


RTS 
Request To Send. Indicates that the 
8044 is ready to transmit or is trans- 


mitting. RTS may be read or writ- 
ten by the CPU. RTS may be read 
by the SIU, and in AUTO mode 
may be written by the SIU. 


RBE 
Receive Buffer Empty. RBE can be 
thought of as Receive Enable. RBE 
is set to one by the CPU when it is 
ready to receive a frame, or has just 
read the buffer, and to zero by the 
SIU 
when 
a 
frame 
has 
been 
received. 


TBF 
Transmit Buffer Full. Written 
by 


the CPU to indicate that it has filled 
the transmit 
buffer. TBF may be 


cleared by the SIU. 


NSNR: Send/Receive 
Count Register 
(bit- 
addressable) 


Bit: 
7 
6 
NS2 NSI 


The Send/Receive Count Register (Address D8H) con- 
tains the transmit and receive sequence numbers, plus 
tally error indications. The SIU can both read and write 
NSNR. The 8044 CPU can both read and write NSNR 
asynchronously. However, 2-cycle instructions that ac- 
cess NSNR during both cycles ('lBC 
/B, REL', and 
'MOY /B,C) 
should not be used, since the SIU may 


write to NSNR between the two 8044 CPU accesses. 


The individual bits of the Send/Receive Count Register 
are as follows: 


Bit# 
Name 
Description 
NSNR.O 
SER 
Receive Sequence Error: 
NS (P) '* NR (S) 
NSNR.I 
NRO 
Receive Sequence Counter-Bit 
0 


NSNR.2 
NRI 
Receive Sequence Counter-Bit 
1 


NSNR.3 
NR2 
Receive Sequence Counter-Bit 
2 


NSNR.4 
SES 
Send Sequence Error: 
NR (P) ,e NS (S) and 
NR(P),eNS(S)+ 
J 


NSNR.5 
NSO 
Send Sequence Counter - 
Bit 0 


NSNR.6 
NSI 
Send Sequence Counter - 
Bit I 


NSNR.7 
NS2 
Send Sequence Counter - 
Bit 2 


18.7.2 Parameter 
Registers 


There are eight parameter registers that are used in con- 
nection with SIU operation. All eight registers may be 
read or written by the 8044 CPU. RFL and RCB are 
normally loaded by the SIU. 


STAD: Station Address 
Register 
(byte-addressable) 


The Station 
Address 
register 
(Address 
CEH) 
contains 
the station 
address. 
To prevent 
access conflict, 
the CPU 
should access STAD only when the SIU is idle (RTS=O 
and RBE=O). 
Normally, 
STAD 
is accessed 
only during 
initialization. 


TBS: Transmit 
Buffer Start Address 
Register 


(byte-addressable) 


The 
Transmit 
Buffer 
Start 
address 
register 
(Address 
DCH) 
points to the location 
in on-chip 
RAM 
for the be- 


ginning 
of the I-field of the frame to be transmitted. 
The 
CPU should access TBS only when the SIU is not trans- 
mitting 
a frame 
(when TBF=O). 


TBl: 
Transmit 
Buffer length 
Register 


(byte-addressable) 


The 
Transmit 
Buffer 
Length 
register 
(Address 
DBH) 
contains 
the length 
(in bytes) 
of the I-field to be trans- 


mitted. 
A blank 
I-field 
(TBL=O) 
is valid. 
The 
CPU 


should 
access 
TBL only when the SIU 
is not transmit- 
ting a frame 
(when TBF=O). 


NOTE: 
The transmit 
and recieve buffers are not allowed 
to "wrap 
around" 
in the on-chip 
RAM. 
A "buffer 
end" 
is automatically 
generated 
if address 
191 (BFH) 
is 
reached. 


TCB: Transmit 
Control Byte Register 


(byte-addressable) 


The 
Transmit 
Control 
Byte 
register 
(Address 
DAH) 
contains 
the byte 
which 
is to be placed 
in the control 


field 
of the 
transmitted 
frame, 
during 
NON-AUTO 
mode transmission. 
The CPU 
should 
access 
TCB 
only 
when 
the 
SIU 
is 
not 
transmitting 
a 
frame 
(when 
TBF=O). 
The Ns and NR counters 
are not used in the 
NON-AUTO 
mode. 


RBS: Receive 
Buffer Start Address 
Register 


(byte-addressable) 


The 
Receive 
Buffer 
Start 
address 
register 
(Address 
CCH) 
points to the location 
in on-chip 
RAM 
where the 
beginning 
of the I-field of the frame 
being received 
is to 
be stored. 
The 
CPU 
should 
write 
RBS 
only when 
the 
SIU is not receiving 
a frame 
(when 
RBE=O). 


RBl: 
Receive 
Buffer length 
Register 


(byte-addressable) 


The 
Receive 
Buffer 
Length 
register 
(Address 
CBH) 
contains 
the 
length 
(in 
bytes) 
of the 
area 
in on-chip 


RAM 
allocated 
for the received 
I-field. 
RBL=O 
is val- 
id. The CPU should write RBL only when RBE=O. 


RFl: 
Receive 
Field length 
Register 


(byte-addressable) 


The 
Received 
Field 
Length 
register 
(Address 
CDH) 
contains 
the length 
(in bytes) of the received 
I -field that 
has just been loaded 
into on-chip 
RAM. 
RFL 
is loaded 
by the SIU. 
RFL=O 
is valid. 
RFL 
should 
be accesssed 
by the CPU only when RBE=O. 


RCB: Receive 
Control Byte Register 


(byte-addressable) 


The 
Received 
Control 
Byte 
register 
(Address 
CAH) 


contains 
the control 
field of the frame 
that has just been 
received. 
RCB is loaded by the SIU. 
The CPU can only 


read RCB, and should only access RCB when RBE=O. 


18.7.3 ICE 
Support 
Registers 


The 8044 In-Circuit 
Emulator 
(ICE-44) 
allows the user 
to exercise 
the 8044 application 
system 
and monitor 
the 
execution 
of instructions 
in real time. 


The 
emulator 
operates 
with 
Intel's 
Intellec@ develop- 
ment 
system. 
The development 
system 
interfaces 
with 
the user's 
8044 system 
through 
an in-cable 
buffer 
box. 


The 
cable 
terminates 
in a 8044 
pin-compatible 
plug, 
which fits into the 8044 socket in the user's system. 
With 


the emulator 
plug in place, the user can excercise 
his sys- 
tem in real time while collecting 
up to 255 instruction 
cycles of real-time 
data. 
In addition, 
he can single-step 


the program. 


Static 
RAM 
is available 
(in the in-cable 
buffer 
box) to 
emulate 
the 8044 internal 
and external 
program 
mem- 
ory and external 
data 
memory. 
The designer 
can display 


and alter 
the contents 
of the replacement 
memory 
in the 
buffer 
box, the internal 
data 
memory, 
and the internal 
8044 registers, 
including 
the SFRs. 


Among 
the SIU 
SFRs 
are the following 
registers 
that 
support 
the operation 
of the ICE: 


DMA CNT: DMA Count Register 
(byte-addressable) 


The DMA 
Count 
register 
(Address 
CFH) 
indicates 
the 
number 
of bytes remaining 
in the information 
block that 


is currently 
being used. 


FIFO: Three-Byte 
(byte-addressable) 


The 
Three-Byte 
FIFO 
(Address 
DDH, 
DEH, 
and 
DFH) 
is used between 
the eight-bit 
shift register 
and the 
information 
buffer 
when 
an 
information 
block 
is 


received. 


SIUST: SIU State Counter 
(byte-addressable) 


The SIU State Counter (Address D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, care must be taken not to write into this 
register. 


The SIUST register can serve as a helpful aid to deter- 
mine which field of a receive frame that the SIU expects 
next. The table below will help in debugging 8044 recep- 
tion problems. 


SIUST 
VALUE FUNCTION 
01H 
Waiting for opening flag. 
08H 
Waiting for address field. 
10H 
Waiting for control field. 
18H 
Waiting for first byte of I field. This state is 
only entered if a FCS is expected. It pushes 
the received byte onto the top of the FIFO. 
20H 
Waiting for second byte of I field. This state 
always follows state 18H 


28H 
Waiting for I field byte. This sate can be en- 


Example I: 
Frame Format 
SIUST Value 


Example 2: 
Frame Format 
SIUST Value 


Example 3: 
Frame Format 
SIUST Value 


Example 4: 
Frame Format 
SIUST Value 


Example 5: 
Frame Format 
SIUST Value 


Example 6: 
Frame Format 
SIUST Value 


tered from state 20H or from states 01H, 
08H, or 1OHdepending upon the SIU's mode 
configuration. (Each time a byte is received, 
it is pushed onto the top of the FIFO and the 
byte at the bottom is put into memory. For no 
FCS formatted frames, the FIFO is collapsed 
into a single register). 


30H 
Waiting for the closing flag after 
having 
overflowed the receive buffer. Note that even 
if the receive frame overflows the assigned re- 
ceive buffer length, the FCS is still checked. 


Examples of SIUST 
status 
sequences for different 
frame 
formats 
are shown below. Note 
that 
status 
changes after acceptance of the received field byte. 


The SIU is initialized by a reset signal (on pin 9), fol- 
lowedby write operations to the SIU SFRs. Once initial- 
ized, the SIU can function in AUTO mode or NON- 
AUTO mode. Details are given below. 
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18.8.1 Initialization 


Figure 18-6is the SIU. Registers SMO, STS, and NSNR 
are cleared by reset. This puts the 8044 into an idle 
state-neither 
receiving nor transmitting. 
The follow- 
ing registers must be initialized before the 8044 leaves 
the idle state: 


STAO-to 
establish 
the 
8044's 
SOLC 
station 


address. 


SMO-to 
configure the 8044 for the proper operat- 


ing mode. 


RBS, RBL-to 
define the area in RAM allocated 


for the Receive Buffer. 


END-OF- 
FRAME 
FLEXIBLE 
MODE 


TBS, TBL-todefine 
the area in RAM allocated for 


the Transmit Buffer. 


Once these registers have been initialized, the user may 
write to the STS register to enable the SIU to leave the 
idle state, and to begin transmits and/or receives. 


Setting RBE to 1 enables the SIU for receive. When 
RBE = I, the SIU monitors the received data stream 
for a nag pattern. When a nag pattern is found, the SIU 
enters Receive mode and receives the frame. 


Setting RTS to 1 enables the SIU for transmit. When 
RTS = I, the SI U monitors the received data stream for 
a GA pattern (loop configuration) or waits for aCTS 


STRT REC 
= RBE. FLAG 
STRT XMIT - 
RTS. (CTS. 
LOOP + GA. LOOP) 
WAIT 
~ NOT (STRT 
REC + STRT XMIT) 


(non-loop 
configuration). 
When the GA or CTS arrives, 
the SIU enters 
Transmit 
mode and transmits 
a frame. 


In AUTO 
mode, the SIU sets RTS to enable 
automatic 


transmissions 
of appropriate 
responses. 


Figure 
18-7 illustrates 
the receive operations 
in AUTO 


mode. 
The overall 
operation 
is shown 
in Figure 
18-7a. 
Particular 
cases are illustrated 
in Figures 
18-7b through 


18-7j . If any Unnumbered 
Command 
other 
than 
UP 


is received, 
the AM bit is cleared 
and the SIU responds 
as if in the FLEXIBLE 
mode, 
by interrupting 
the CPU 
for supervision. 
This will also happen 
if a BOV or SES 
condition 
occurs. 
If the received 
frame contains 
a poll, 
the SIU 
sets the 
RTS bit to generate 
a response. 


Figure 
18-8 illustrates 
the transmit 
operations 
in AUTO 


mode. 
When 
the SIU gets the opportunity 
to transmit, 
and if the transmit 
buffer 
is full, it sends an I-frame. 
Otherwise, 
it sends an RR if the buffer 
is free, 
or an 
RNR if the buffer 
is protected. 
The sequence 
counters 
NS and NR are used to construct 
the appropriate 
con- 


trol 
fields. 


Figure 
18-9 shows how the CPU responds 
to an SI (serial 


interrupt) 
in AUTO 
mode. 
The CPU 
tests the AM bit 


(in the STS register). 
If AM = I, it indicates 
that 
the 
SIU 
has 
received 
either 
an 
I-frame, 
or 
a 
positive 
response 
to a previously 
transmitted 
I-frame. 


18.8.3 FLEXIBLE Mode 


Figure 
18-10 illustrates 
the receive operations 
in NON- 


AUTO 
mode. 
When 
the SIU successfully 
completes 
a 
task, 
it clears 
RBF and interrupts 
the CPU 
by setting 
SI to I. The exact 
CPU 
response 
to SI is determined 


by software. 
A typical response 
is shown in Figure 
18-11. 


Figure 
18-12 
illustrates 
the 
transmit 
operations 
in 


FLEXIBLE 
mode. 
The SIU does not wait for a positive 
acknowledge 
response 
to the transmitted 
frame. 
Rather, 


it interrupts 
the CPU 
(by setting 
SI to I) as soon 
as it 


finishes transmitting 
the frame. The exact CPU response 
to SI is determined 
by software. 
A typical 
response 
is 
shown 
in Figure 
18-13. This response 
results in another 


transmit 
frame 
being 
set up. The 
sequence 
of opera- 


tions shown 
in Figure 
18-13 can also be initiated 
by the 
CPU, 
without 
an 
SI. 
Thus 
the 
CPU 
can 
initiate 
a 
transmission 
in FLEXIBLE 
mode without 
a poll, simply 
by setting 
the RTS bit in the STS register. 
The RTS bit 


is always 
used 
to initiate 
a transmission, 
but it is ap- 
plied to the RTS pin only when a non-loop 
configura- 
tion 
is used. 


18.8.4 8044 Data Link Particulars 


The following 
facts should be noted: 


I) 
In a non-loop 
configuration, 
one 
or two 
bits 
are 


transmitted 
before 
the opening 
flag. This 
is neces- 
sary for N RZI synchronization. 


2) 
In a non-loop 
configuration, 
one to eight extra drib- 
ble bits are transmitted 
after 
the closing 
flag. These 


bits are a zero followed by ones. 


3) 
In a loop configuration, 
when a GA is received 
and 
the 
8044 
begins 
transmitting, 
the 
sequence 
is 


01111110101111110 
... 
(FLAG, 
I, 
FLAG, 
AD- 


DRESS, 
etc.). The first flag is created 
from the GA. 


The second flag begins the message. 


4) 
CTS 
is sampled 
after 
the 
rising 
edge of the serial 


data, at about the center of the bit cell, except during 
a non-loop, 
externally 
clocked 
mode 
transmit, 
in 


which case it is sampled 
just after 
the falling 
edge. 


S) The SIU 
does not check 
for illegal 
I-fields. 
In par- 


. ticular, 
if a supervisory 
command 
is received 
in 


AUTO 
mode, and if there 
is also an I-field, it will be 


loaded 
into the receive 
buffer 
(if RBP=O), 
but 
it 
cannot 
cause a BOY. 


6) 
In relation 
to the Receive 
Buffer 
Protect 
facility, 
the 


user should 
set R FL to 0 when clearing 
RBP, such 


that, 
if the SI U is in the process of receiving 
a frame, 


R FL will indicate 
the proper value when reception 
of 


the frame 
has been completed. 


18.8.5 Turn Around Timing 


In AUTO 
mode, the SIU generates 
an RTS immediate- 


ly upon being polled. 
Assuming 
that 
the 8044 sends an 


information 
frame 
in response 
to the poll, the primary 
station 
sends back an acknowledgement. 
If, in this ac- 


knowledgement, 
the 
8044 
is polled 
again, 
a response 


may be generated 
even before 
the CPU 
gets around 
to 


processing 
the interrupt 
caused 
by the acknowledge. 
In 
such 
a case, 
the response 
would 
be an RR 
(or RNR), 
since TBF would have been set to 0 by the SIU, 
due to 
the acknowledge. 


If the system 
designer 
does not wish to take up channel 


time with RR responses, 
but prefers 
to generate 
a new 1- 


frame 
as a response, 
there 
are several 
ways to accom- 


plish this: 


I) 
Operate 
the 8044 in FLEXIBLE 
mode. 


2) 
Specify 
that 
the master 
should 
never acknowledge 
and poll in one message. 
This is typically 
how a loop 
system 
operates, 
with the poll operation 
confined 
to 


the UP command. 
This leaves plenty of time for the 
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Figure 18-7e. SIU AUTO Mode Receive 
Flowchart-I 
Command: 
Prior Transmitted 
I-Field Confirmed, 
Current 
Received 
I-Field 
in Sequence 


I COMMAND 
NA(P) •• HS(S) 
NS(P) •• NA(S) 


"AM" •• " "HS" - • 


••RBE •••...• 
"SES"'4-' 
"SEA" •..• 
"SI" 4-1 


Figure 18-7' . SIU AUTO Mode Receive 
Flowchart-I 
Command: 
Prior Transmitted 
I-Field Not 


Confirmed, 
Current 
Received 
I-Field in Sequence 
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Figure 18-7g. SIU AUTO Mode Receive Flowchart-I 
Command: Sequence Error Send, Current 
Received I-Field in Sequence 
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Figure 18-7h. SIU AUTO Mode Receive Flowchart-I 
Command: 
Prior Transmitted 
I-Field Confirmed 


Sequence 
Error Receive 
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Figure 18-7i. SIU AUTO Mode Receive 
Flowchart-I 
Command: 
Prior Transmitted 
I-Field 
Not 


Confirmed, 
Sequence 
Error Receive 
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Figure 18-7j. 
SIU SUTO Mode Receive 
Flowchart-I 
Command: 
Sequence 
Error Send and Sequence 


Error Receive 
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8044 to get its transmit buffer loaded with new infor- 
mation after an acknowledge. 


3) The 8044 CPU can clear RTS. This will prevent a re- 


sponse from being sent, or abort it if it is already in 
progress. A system using external RTS/CTS 
hand- 
shaking could use a one-shot to delay RTS or CTS, 
thereby giving the CPU more time to disable the 
response. 


The SIU divides functionally into two sections-a 
bit 
processor (BIP) and a byte processor (BYP)-sharing 
some common timing and control logic. As shown in 
Figure 18-14,the BIP operates between the serial port 
pins and the SIU bus, and performs 
all functions 
necessary to transmit/receive 
a byte of data to/from 


the serial data stream. These operations include shift- 
ing, NRZI encoding/decoding, 
zero insertion/deletion, 
and FCS generation/checking. 
The BYP manipulates 


bytes of data to perform message formatting, and other 
transmitting 
and receiving functions. 
It operates be- 


tween the SIU bus (SIB) and the 8OO's internal bus (IB). 
The interface between the SIU and the CPU involves 
an interrupt and some locations in on-chip RAM space 
which are managed by the BYP. 


The maximum possible data rate for the serial port is 
limited to 1/2 the internal clock rate. This limit is im- 
posed by both the maximum rate of DMA to the on-chip 
RAM, and by the requirements of synchronizing to an 
external clock. The internal clock rate for an 8044 run- 
ning on a 12 MHz crystal is 6 MHz. Thus the maximum 
8044 serial data rate is 3 MHz. This data rate drops 
down to 2.4 MHz when time is allowed for external 
clock synchronization. 


In the asynchronous (self clocked) modes the clock is 
extracted from the data stream using the on-<:hipdigital 
phase-locked-loop (DPLL). The DPLL requires a clock 
input at 16 times the data rate. This 16 X clock may 
originate from SCLK, Timer 1 Overflow, or PH2 (one 
half the oscillator frequency). The extra divide by-two 
described above allows these sources to be treated 
alternatively as 32 X clocks. 


The DPLL is a free-running four-bit counter running off 
the 16X clock. When a transition is detected in the re- 
ceive data stream, a count is dropped (by suppressing 
the carry-in) if the current count value is greater than 8. 
A count is added (by injecting a carry into the second 
stage rather than the first) if the count is less than 8. No 


adjustment is made if the transition occurs at the count 
of 8. In this manner the counter locks in on the point at 
which transitions in the data stream occur at the count 
of 8, and a clock pulse is generated when the count over- 
flows to O. 


In order to perform NRZI decoding, the NRZI decoder 
compares each bit of input data to the previous bit. 
There are no clock delays in going through the NRZI 
decoder. 


The zero insert/delete circuitry (ZID) performs zero in- 
sertion/deletion, 
and also detects 
flags, GA's 
(Go- 
Ahead's), and aborts ~same as GA's) in the data stream. 
The pattern 1111110 is detected as an early GA, so that 
the GA may be turned 
into a flag for loop mode 
transmission. 


The shut-off detector monitors the receive data stream 
for a sequence of eight zeros, which is a shut-off com- 
mand for loop mode transmissions. The shut-off detector 
is a three-bit counter which is cleared whenever a one is 
found in the receive data stream. Note that the ZID log- 
ic could not be used for this purpose, because the receive 
data must be monitored even when the ZID is being used 
for transmission. 


As an example of the operation of the bit processor, the 
following sequence occurs in relation to the receive data: 


I) RXD is sampled by SCLK, and then synchronized to 


the internal processor clock (IPC). 


2) If the NRZI mode is selected, the incoming data is 


NRZI decoded. 


3) When receiving other than the flag pattern, the ZID 


deletes the '0' after 5 consecutive '\ 's (during trans- 
mission this zero is inserted). The ZID locates the 
byte boundary for the rest of the circuitry. The zm 
deletes the 'O's by preventing the SR (shift register) 
from receiving a clocking pulse. 


4) The FCS (which is a function of the data between 


the flags-not 
including the flags) is initialized and 
started at the detection of the byte boundary at the 
end of the opening flag. The FCS is computed each 
bit boundary until the closing flag is detected. Note 
that the received FCS has gone through the ZID 
during transmission. 


18.9.2 The Byte Processor 


Figure 18-15is a block diagram of the byte processor 
(BYP). The BYP contains the registers and controllers 
necessary to perform the data manipulations associated 
with SDLC communications. The BYP registers may be 
read or written by the CPU over the 8044's internal bus 
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(lB), 
using standard 
8044 hardware 
register 
operations. 


The 8044 register 
select PLA controls 
these operations. 


Three of the BYP registers 
connect 
to the IB through 
the 


IBS, a sub-bus 
which also connects 
to the CPU interrupt 


control 
registers. 


Simultaneous 
access of a register 
by both the IB and the 


SIB is prevented 
by timing. 
In particular, 
RAM 
access 


is restricted 
to alternate 
internal 
processor 
cycles for the 


CPU 
and the SIU, 
in such a way that collisions 
do not 


occur. 


As an example 
of the operation 
of the byte processor, 
the 


following 
sequence 
occurs in relation 
to the receive data: 


I) 
Assuming 
that there is an address 
field in the frame, 
the BYP takes the station 
address 
from the register 


file into temporary 
storage. 
After 
the opening 
flag, 


the next field (the address 
field) 
is compared 
to the 
station 
address 
in the temporary 
storage. 
If a match 
occurs, 
the operation 
continues. 


2) 
Assuming 
that 
there 
is a control 
field in the frame, 


the 
BYP takes 
the next byte 
and 
loads 
it into the 
RCB register. 
The RCB register 
has the logic to up- 
date 
the NSNR 
register 
(increment 
receive 
count, 


set SES and SER 
flags, etc.): 


3) 
Assuming 
that there is an information 
field, the next 


byte is dumped 
into RAM 
at the RBS location. 
The 


DMA 
CNT 
(RBL 
at the opening 
flag) 
is loaded 
from the DMA 
CNT 
register 
into the RB register 
and decremented. 
The RFL 
is then 
loaded 
into the 
RB register, 
incremented, 
and stored 
back 
into the 
register 
file. 
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4) This process continues until the DMA CNT reaches 
zero, or until a closing nag is received. Upon either 
event, the BYP updates the status, and, if the CRC is 
good, the NSNR register. 


An SIU test mode has been provided, so that the on-chip 
CPU can perform limited diagnostics on the SIU. The 
test mode utilizes the output latches for P3.0 and P3.1 
(pins 10 and 11). These port 3 pins are not useful as 
out-put ports, since the pins are taken up by the serial 
port functions. Figure 18-16shows the signal routing 
associated with the SIU test mode. 


Writing a 0 to P3.1 enables the serial test mode (P3.1 is 
set to I by reset). In test mode the P3.0 bit is mapped 


into the received data stream, and the 'write port 3' con- 
trol signal is mapped into the SCLK path in place ofn. 
Thus, in test mode, the CPU can send a serial data 
stream to the SIU by writing to P3.0. The transmit data 
stream can be monitored by reading P3.1. Each suces- 
sive bit is transmitted from the Slu by writing to any bit 
in Port 3, which generates SCLK. 


In test mode, the P3.0 and P3.1 pins are placed in a high 
voltage, high impedance state. When the CPU reads 
P3.0 and P3.1 the logic level applied to the pin will be 
returned. In the test mode, when the CPU reads 3.1, the 
transmit data value will be returned, not the voltage on 
the pin. The transmit data remains constant for a bit 
time. Writing to P3.0 will result in the signal being out- 
putted for a short period of time. However,since the sig- 
nal is not latched, P3.0 will quickly return to a high 
voltage, high impedance state. 
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The serial 
test mode is disabled 
by writing 
a I to P3.1. 


Care 
must be taken 
that.a 
0 is never written 
to P3.1 in 


the course of normal 
operation, 
since this causes the test 


mode to be entered. 


Figure 
18-17 is an example 
of a simple 
program 
seg- 
ment 
that can be imbedded 
into the user's 
diagnostic 
program. 
That 
example 
shows 
how 
to put 
the 
8044 


into "Loop-back 
mode" 
to test the basic 
transmitting 


and receiving 
functions 
of the SIU. 


Loop-back 
mode is functionally 
equivalent 
to a hardwire 


connection 
between 
pins 10 and lion 
the 8044. 


In this example, 
the 8044 CPU plays the role of the pri- 


mary station. 
The SIU is in the AUTO 
mode. The CPU 


sends the SIU 
a supervisory 
frame 
with the poll bit set 


and an RNR 
command. 
The SIU responds 
with a super- 


visory frame 
with the poll bit set and an RR command. 


The operation 
proceeds 
as follows: 


Interrupts 
are disabled, 
and the self test mode is enabled 
by writing 
a zero to P3.1. 
This establishes 
P3.0 as the 
data 
path 
from 
the 
CPU 
to the 
SIU. 
CTS 
(clear-to- 


send) 
is enabled 
by writing 
a zero to P1.7. The station 


address 
is initialized 
by writing 
08AH 
into the STAD 


(station 
address 
register). 


The 
SIU 
is configured 
for 
receive 
operation 
in the· 


clocked mode and in AUTO 
mode. The CPU then trans- 


mits 
a supervisory 
frame. 
This 
frame 
consists 
of an 


opening 
flag, followed 
by the station 
address, 
a control 


field indicating 
that this is a supervisory 
frame 
with an 


RNR 
command, 
and then a closing 
flag. 


Each 
byte of the frame 
is transmitted 
by writing 
that 


byte into the A register 
and then calling 
the subroutine 


XMIT8. 
Two additional 
SCLKs 
are generated 
to guar- 
antee 
that 
the last bits in the frame 
have been clocked 


into the SIU. 
Finally 
the CPU 
reads 
the status 
register 


(STS). 
If the operation 
has proceeded 
correctly, 
the sta- 


tus will be 072H. 
If it is not, the program 
jumps 
to the 


ERROR 
loop and terminates. 


The 
SIU 
generates 
an SI (SIU 
interrupt) 
to indicate 


that it has received 
a frame. 
The CPU clears 
this inter- 


rupt, and then begins to monitor 
the data 
stream 
that 
is 


being generated 
by the SIU 
in response 
to what 
it has 


received. 
As each bit arrives 
(via P3.1), 
it is moved into 


the accumulator, 
and the CPU compares 
the byte in the 
accumulator 
with 
07EH, 
which 
is the 
opening 
flag. 


When 
a match 
occurs, 
the CPU 
identifies 
this as byte 


boundary, 
and 
thereafter 
processes 
the 
information 


byte-by-byte. 


The CPU 
calls 
the RCV8 
subroutine 
to get each 
byte 
into the accumulator. 
The CPU performs 
compare 
oper- 
ations 
on (successively) 
the station 
address, 
the control 


field (which 
contains 
the RR response), 
and the closing 


flag. If any of these do not compare, 
the program 
jumps 


to the ERROR 
loop. If no error 
is found, 
the program 


jumps 
to the DONE 
loop. 


Lac 
OBJ 
LINE 
SOURCE 


1 


0000 
75<:800 


2 
3 
INIT 
MOV 
5T5 
•• 
OOH 


0003 
C2B1 
4 
CLR 
P3 
1 
Enable 
•• If 
test. 
lIIod. 


000' 
C2'77 
5 
CLR 
PI 
7 
Enabh 
ers 


0007 
7,CESA 
. 
MOV 
STAD. ."H 
InJtielil 
•• 
1111111"' 
•• 
' 
7 
8 
CONFIc:uAE 
RECEIVE 
OPERATION 
. 


000011 
7:1086'" 
10 
MOV 
..•.... 
•• 
AH 
NSISI-3. 
SE5-0. 
NR(S)·~. 
SEA-O 


0000 
75<:901 
11 
MOO 
••• D. 
lOtH 
NFCS'l 


0010 
7:K:8C2 
I. 
MOV 
5T5. 
tIOC'H 
T8F-t. 
ABE-t. -. 
13 
14 
TRANSMIT 
lit 
SUPERVISORY 
FANtE 
FAOf"l 
THE 
"AI"ARY 
STATtON 
WITH 
TIo£ 
POLL 


I> 
8t T 
SET 
AND 
'" 
RNR 
COf"lHAND 
I. 
0013 
7oJ7E 
17 
SEND 
MOV 
.. 
• 7EH 
The 
SIU 
\",.(.i .•.•• .na. 
fh'st 
001> 
120066 
18 
CALL. 
XP'l1T9 
0018 748A 
I. 
MOV 
.. 
• 8AH 
, 
Tho 
addr ••• 
I' 
n •• t 
ootA 
120066 
'D 
CALL 
XP'l1T8 


0010 
749' 
21 
MOV 
.. 
'09'1-1 
R" 
SUP 
FAAl'tE 
lIli th 
P/F-t. 
NR(P)-4 


00" 
120066 
•• 


CALL 
X"1T8 


0022 
747E 
.3 
Mev 
.. 
.7EH 
, RecelV. 
cloltnl 
flag 


0024 
120066 
.4 
CALL 
X"IT8 


0027 
0280 
25 
SETB 
P3 
0 
Q.-".,...t. 
a.t,.. 
SCLK', 
to 


0029 
0280 
•• 
SETB 
P3 
0 
Initi.-t. 
r.c.i 
.•.• action 
27 
0028 
EX8 
28 
MOV 
.. 
5T5 
Checll: 
<Or 
.p,,"0,r1.t.- 
statu • 


0020 
84722'" 
•• 
CJNE 
.. .72M. 
ERROR 
30 
31 
PAEPARE 
TO 
RECEIVE 
RUPl'S 
AESPONCE 
TO 
PAII1ARY'S 
ANR 
32 
33,. 


0030 
C2CC 
35 
RECIJ 
CLR 
51 
Cl.e" 
51 


0032 
7400 
3. 
MeV 
A. 
.DOH 
Che" 
ACC 


0034 
780C 
37 
MOV 
R3. ... 
Tr, .. ti 
•••• 


38,. 
LOO'" 
FOR 
THE 
OPENING: 
FLAQ 
40 
0036 
0280 
41 
WFLAOt 
SET8 
P3 
0 
SCLK 
0038 
ottt2BI 
4. 
MOV 
C. 
P3 
I 
T"en 
•• 
itt.1iI 
liI.te 


00"" 
13 
43 
RRC 
A 
003B 
847E03 
44 
CJNE 
A. 
4H)7EH, 
WFLQI 
003£ 
020046 
45 
-- 


CNTINU 
0041 
DBF3 
4. 
WFLOI ,..•., 
R3. 
WFL4QI 


0043 
02oo5A 
47 
-- 


ERROR 
48 
4. 


004. 
12D05C 
50 
CNTINU 
CALL 
RC ••••8 
D •• 
SIU'. 
T"en 
•• 
itt.d 
edd" 
••• 
'i.ld 


004'9 
34BAOE 
51 
C,JN£ 
.. 
_OBAH, 
ERROR 


004C 
1200'C 
5. 
CALL 
RCIJ8 
Prl 
•• e"" 
•• 
,.ct. 
to 
".e.i 
•••• 
RR 
'ro 
•• 
SIU 
004' 
349108 
53 
C,JNE 
•. 
_OBIH, 
ERROR 


00'2 
12005C 
54 
CALL 
RCVS 
R.c.i 
•••• 
elo.ing 
Hell 


0055 
8047£0:2 
55 
C,JNE 
.. 
• 07EH, 
ERROR 


5. 


0058 
SOFE 
57 
DONE 
•••• P 
DONE 


58 
005A 
SOFE 
,. 
ERROR 
JMP 
ERROR 
bO., 


005C 
780S 
•• 
RCva 
MOV 
RO. 
.OS 
InltleJII. 
". bit 
count.r 


DO!>£: 
0:280 
.3 
OET8lT 
SETB 
P3 
0 
SCL" 
0060 
A:281 
.4 
MOV 
C. 
.3 • 
Tren 
•• 
ltt.d 
dete 


00 •• 
13 
.5 
RRC . 
0063 
DBF9 
"" 


O,JNZ 
RO. 
OET8lT 


0065 
22 
.7 
RET 


.8.. 
70 
0066 
7809 
7. 
XI"llT8 
MOV 
RO. 
, 
I"litlelil 
• ... ". count." 
00.8 
13 
72 
L3 
RRC . 
p". 
tho 
.it 
t • .. tren 
•• 
1 tt.d 


73 
th. 
Cerrll 


0069 
OBOI 
74 
O..JNI 
RO. 
LI 
Wh.n 
ell 
bit. 
he •••• 
b •• 
n 
..n1: 
0068 
22 
75 
RET 
r.turn 


7. 
OO.C 
4004 
77 
JC 
L' 
I' ... eerr,. 
bit .. •• 
t, ,.. 
78 
port 
P3 
0 
.1'. 


006E 
C280 
7. 
CLR 
P3 
0 
e I.e" 
po •. t 
P3 
0 
0070 
8OF6 
80 
JI1P 
L3 
81 
0072 
0280 
8. 
L' 
SET. 
P3 
0 
0074 
8OF2 
83 
,,"P 
L3 
84 
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CHAPTER 
19 
8044 APPLICATION 
EXAMPLES 


19.1 INTERFACING 
THE 8044 TO A 


MICROPROCESSOR 


The 8044 is designed 
to serve as an intelligent 
controller 


for remote peripherals. 
However, it can also be used as an 


intelligent 
HDLC 
SDLC 
front end fora microprocessor, 


capable 
of extensively 
off-loading 
link control 
functions 
for the CPU. 
In some applications, 
the 8044 can even be 
used for communications 
preprocessing, 
in addition 
to 
data link control. 


This section 
describes 
a sample 
hardware 
interface 
for 


attaching 
the 8044 to an 8088. It is general 
enough to be 


extended 
to other 
microprocessors 
such as the 8086 or 


the 80186. 


A sample 
interface 
is shown in Figure 
19-1. Transmis- 


sion occurs when the 8088 loads a 64 byte block of mem- 
ory with some known 
data. 
The 8088 then enables 
the 
8237A 
to OMA 
this data 
to the 8044. 
When 
the 8044 


has received 
all of the data from the 8237A, 
it sends the 
data 
in a SOLC 
frame. 
The 
frame 
is captured 
by the 


Spectron 
Oatascope@· 
which 
displays 
it on a CRT 
in 


hex format. 


In reception, 
the Oatascope 
sends an SOLC 
information 


frame 
to the 8044. The 8044 receives 
the SOLC 
frame, 
buffers 
it, and sends it to the 8088's 
memory. 
In this ex- 


ample 
the 8044 is being operated 
in the NON-AUTO 


mode; therefore, 
it does not need to be polled by a prima- 


ry station 
in order 
to transmit. 


The 8044 does not have a parallel 
slave port. The 8044's 
32 I/O lines can be configured 
as a local microprocessor 


bus master. 
In this configuration, 
the 8044 can expand 


the ROM 
and RAM 
memory, 
control 
peripherals, 
and 


communicate 
with a microprocessor. 


The 8044, like the 8051, does not have a Ready 
line, so 
there 
is no way to put the 8044 in wait state. 
The clock 


on the 8044 cannot 
be stopped. 
Dual port 
RAM 
could 


still be used, however, software 
arbitration 
would be the 


only way to prevent 
collisions. 
Another 
way to interface 


the 8044 with another 
CPU 
is to put a FIFO 
or queue 


between 
the two processors, 
and 
this 
was the 
method 


chosen for this design. 


Figure 
19-2 shows the schematic 
of the 8044/8088 
inter- 
face. It involves 
two 8 bit tri-state 
latches, 
two SR flip- 


flops, and some logic gates (6 TTL packs). 
The circuitry 
implements 
a one byte FIFO. RS422 transceivers 
are used, 
which can be connected 
to a multidrop 
link. Figure 
19-3 


shows the 8088 and support 
circuitry; 
the memory 
and 
decoders 
are not shown. 
It is a basic 
8088 Min Mode 


system 
with an 8237A 
DMA 
controller 
and an 8259A 


interrupt 
controller. 


OMA 
Channel 
One transfers 
a block of memory 
to the 


tri-state 
latch, 
while Channel 
Zero transfers 
a block of 


data from the latch to 8088's memory. 
The 8044's 
Inter- 


rupt 0 signal vectors the CPU into a routine 
which reads 
from 
the 
internal 
RAM 
and 
writes 
to the 
latch. 
The 
8044's 
Interrupt 
1 signal 
causes 
the chip to read 
from 


the latch and write to its on-chip data 
RAM. 
Both DMA 


requests 
and acknowledges 
are active 
low. 


Initially, 
when the power is applied, 
a reset pulse coming 


from the 8284A 
initializes 
the SR flip-flops. 
In this ini- 


tialization 
state, 
the 8044's 
transmit 
interrupt 
and the 
8088's 
transmit 
DMA 
request 
are active; 
however, 
the 
software 
keeps these signals 
disabled 
until either 
of the 


two 
processors 
are 
ready 
to transmit. 
The 
software 


leaves 
the 
receive 
signals 
enabled, 
unless 
the 
receive 


buffers 
are full. In this way either 
the 8088 or the 8044 
are always 
ready 
to receive, 
but 
they must 
enable 
the 


transmit 
signal 
when 
they 
have 
prepared 
a block 
to 


transmit. 
After a block has been transmitted 
or received, 


the 
DMA 
and 
interrupt 
signals 
return 
to the 
initial 
state. 


The receive 
and transmit 
buffer 
sizes for the blocks of 


data 
sent between 
the 8044 and the 8088 have a maxi- 


mum 
fixed 
length. 
In this case the buffer 
size was 64 


bytes. The buffer size must be less than 
192 bytes to en- 
able 8044 to buffer 
the data 
in its on-chip 
RAM. 
This 


design allows blocks of data 
that are less than 64 bytes, 


and accommodates 
networks 
that allow frames 
of vary- 


ing size. The first byte transferred 
between 
the 8088 and 


the 8044 is the byte count to follow; thus the 8044 knows 
how many bytes to receive before it transmits 
the SDLC 


frame. 
However, when the 8044 sends data to the 8088's 


memory, 
the 8237 A will not know if the 8044 will send 


less than 
the count 
the 8237A was programmed 
for. To 
solve this problem, 
the 8237 A is operated 
in the single 


mode. The 8044 uses an I/O bit to generate 
an interrupt 


request 
to the 8259A. 
In the 8088's 
interrupt 
routine, 


the 8237 A's receive 
DMA 
channel 
is disabled, 
thus al- 


lowing blocks of data less than 64 bytes to be received. 


The software 
for the 8044 and the 8088 is shown in Ta- 


ble 19-1 . The 
8088 
software 
was written 
in PL/M86, 


and 
the 
8044 
software 
was 
written 
in 
assembly 


language. 


The 8044 software 
begins by initializing 
the stack, inter- 


rupt 
priorities, 
and triggering 
types 
for the interrupts. 


At this point, 
the SIU 
parameter 
registers 
are initial- 


i7ed. The receive and transmit 
buffer starting 
addresses 


and lengths are loaded for the on-chip 
DMA. 
This DMA 


is for the serial 
port. The serial station 
address 
and the 


transmit 
control 
bytes are loaded too. 


Once 
the initialization 
has taken 
place, 
the SIU 
inter- 


rupt 
is enabled, 
and 
the 
external 
interrupt 
which 
re- 


ceives bytes from the 8088 is enabled. 
Setting 
the 8044's 


Receive Buffer Empty 
(RBE) 
bit enables 
the receiver. 
If 


this bit is reset, no serial data can be received. 
The 8044 


then waits 
in a loop for either 
RECEIVE 
DMA 
inter- 


rupt or the SERIAL 
INT 
interrupt. 


The RECEIVE 
DMA 
interrupt 
occurs when the 8237 A 


is transferring 
a block of data to the 8044. The first time 


this interrupt 
occurs, 
the 8044 reads the latch and loads 
the count value into the R2 register. 
On subsequent 
in- 


terrupts, 
the 8044 reads the latch, loads the data into the 


transmit 
buffer, 
and decrements 
R2. When 
R2 reaches 


zero, the interrupt 
routine 
sends the data 
in an SDLC 
frame, 
and 
disables 
the 
RECEIVE 
DMA 
interrupt. 


After 
the frame 
has been transmitted, 
a serial interrupt 


is generated. 
The SERIAL 
INT 
routine 
detects 
that 
a 


frame 
has 
been 
transmitted 
and 
re-ena bles 
the 
RE- 


CEIVE 
DMA 
interrupt. 
Thus, 
while the frame 
is being 


transmitted 
through 
the SIU, 
the 
8237A 
is inhibited 


from sending 
data to the 8044's 
transmit 
buffer. 


The TRANSMIT 
DMA 
routine 
sends a block of data 


from 
the 8044's 
receive 
buffer 
to the 8088's 
memory. 
Normally 
this interrupt 
remains 
disabled. 
However, 
if a 


serial 
interrupt 
occurs, 
and the SERIAL 
INT 
routine 


detects 
that 
a frame 
has 
been 
received, 
it calls 
the 


SEND 
subroutine. 
The 
SEND 
subroutine 
loads 
the 


number 
of bytes which were received 
in the frame 
into 


the receive buffer. Register 
R I points to the receive buff- 


er and R2 is loaded 
with the count. 
The TRANSMIT 
DMA 
interrupt 
is enabled, 
and 
immediately 
upon 
re- 
turning 
from the SERIAL 
INT routine, 
the interrupt 
is 


acknowledged. 
Each 
time 
the TRANSMIT 
DMA 
in- 
terrupt 
occurs, 
a byte is read 
from 
the receive 
buffer, 


wfitten 
to the latch, 
and R2 is decremented. 
When 
R2 


reaches 
0, the TRANSMIT 
DMA interrupt 
is disabled, 


the SIU 
receiver 
is re-enabled, 
and the 8044 interrupts 


the 8088. 


The 8088 software 
simply transmits 
a block of data 
and 
receives 
a block of data, 
then stops. The software 
begins 


by initializing 
the 8237 A, and the 8259A. 
It then loads a 


block of memory 
with some data and enables 
the 8237 A 


to transmit 
the data. 
In the meantime 
the 8088 waits in a 


loop. After a block of data is received 
from the 8044, the 


8088 is interrupted, 
and it shuts 
off the 8237A 
receive 


DMA. 


CONCLUSION 


For the software 
shown 
in Table 
19-1, the transfer 
rate 


from 
the 8088's memory 
to the 8044 was measured 
at 


75K bytes/sec. 
This transfer 
rate largely depends 
upon 


the number 
of instructions 
in the 8044's interrupt 
service 


routine. Fewer instructions 
result in a higher transfer 
rate. 


There 
are many ways of interfacing 
the 8044 locally to 


another 
microprocessor: 
FIFO's, 
dual 
port 
RAM 
with 


software 
arbitration, 
and 8255's are just a few. Alterna- 


tive approaches, 
which may be more optimal 
for certain 


applications, 
are certainly 
possible. 
. 
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LOC 
OBJ 
LINE 
SOURCE 


I 
Sdebug 
title 
(8044/8088 
INTERFACE) 
2 
3 


0000 
4 
FIRST-BYTE 
BIT 
0 
; FLAG 
5 


0000 
6 
ORG 
0 


00008024 
7 
SJMP 
INIT 
8 


0026 
9 
ORG 
26H 


10 


0026 7581AA 
\1 
INIT: 
MOY 
SP, #170 
; INITIALIZE 
STACK 


0029 75B800 
12 
MOY 
IP, #00 
; ALL INTERRUPTS 
ARE EQUAL PRIORITY 


002C 75C954 
13 
MOY 
SMD, #54H 
; TIMER 1 OYER FLOW, NRZI, PRE-FRAME SYNC 
002F 758844 
14 
MOY 
TCON, #44H 
; EDGE TRIGGERED 
EXTERNAL 
INTERRUPT 
I 


15 
; LEYEL TRIGGERED 
EXTERNAL 
INTERRUPT 
0 


16 
; TIMER 1 ON 


0032 758DEC 
17 
MOY 
THI, #OECH 
; INITIALIZE 
TIMER, 3125 BPS 


0035 758920 
18 
MOY 
TMOD, #20H 
; TIMER I AUTO RELOAD 


19 


0038 
75DC6A 
20 
MOY 
TBS, #106 
; SET UP SIU PARAMETER 
REGISTERS 


003B 750B40 
21 
MOY 
TBL, #64 


003E 75CC2A 
22 
MOY 
RBS, #42 


0041 75CB40 
23 
MOY 
RBL, #64 


0044 75CE55 
24 
MOY 
STAD, #55H 


0047 750AII 
25 
MOY 
TCB, #OooIOOOIB; RR, P/F= 
I" 


26 


004A 901000 
27 
MOY 
DPTR, #lOooH 
; DPTR POINTS TO TRI-STATE LATCH 
004D D200 
28 
SETB 
FIRST-BYTE 
; FLAG TO INDICATE FIRST BYTE 
29 
; FOR RECEIYE INTERRUPT 
ROUTINE 


004F D2CE 
30 
SETB 
RBE 
; READY TO RECEIYE 


0051 75A894 
31 
MOY 
IE, #100101ooB 
; ENABLE RECEIYE DMA AND SIU INTERRUPT 


32 


0054 80FE 
33 
SJMP 
S 
; WAIT HERE FOR INTERRUPTS 
34 


0056 80FE 
35 
ERROR: 
SJMP 
ERROR 
36 + I SEJ 


0058 
85CD29 
005B 7929 
005D 
AACD 


005F OA 
0060 
D2A8 


0062 22 


0063 
0013 
0013 020063 
0063 


MOY 
MOY 
MOY 
INC 
SETB 
RET 


41, RFL 
RI, #41 
R2, RFL 


R2 
EXO 


; FIRST BYTE IN BLOCK IS COUNT 
; POINT TO BLOCK OF DATA 
; LOAD COUNT 


LOCTMPSET 
ORG 
LJMP 
ORG 


S 
; SET UP INTERRUPT 
TABLE JUMP 
0013H 
RECEIYE-DMA 
LOCTMP 


RUPI"'-44 


56 
l' 


0063 looOOE 
57 
JBC 
FIRST-BYTE, 
Ll ; THE FIRST BYTE TRANSFERRED 
IS THE COUNT 
58 


0066 EO 
59 
MOVX 
A,@DPTR 
; READ THE LATCH 


0067 F6 
60 
MOV 
@RO,A 
; PUT IT IN TRANSMIT 
BUFFER 


0068 08 
61 
INC 
RO 


0069 DA08 
62 
DJNZ 
R2,L2 
; AFTER READING 
BYTES, 


63 


006B D2CF 
64 
SETB 
TBF 
; SEND DATA 


006D D2CD 
65 
SETB 
RTS 


006F D200 
66 
SETB 
FIRSLBYTE 


0071 C2AA 
67 
CLR 
EXI 
68 


0073 32 
69 
L2: 
RETI 
70 


0074 786A 
71 
Ll: 
MOV 
RO,I106 
; RO I:>A POINTER TO THE TRANSMIT 


72 
; BUFFER STARTING ADDRESS 


0076 EO 
73 
MOVX 
A,@DPTR 
; PUT THE FIRST BYTE INTO 


0077 FA 
74 
MOV 
R2,A 
; R2 FOR THE COUNT 


0078 32 
75 
RETI 
76 


0079 
77 
LOC-TMPSET 
S 


0003 
78 
ORG 
ooo3H 


0003 020079 
79 
LJMP 
TRANSMILDMA 


0079 
80 
ORG 
LOC-TMP 


81 


82 
TRANSMILDMA 
83 


0079 E7 
84 
MOV 
A,@RI 
; READ BYTE OUT OF THE RECEIVE BUFFER 


oo7A FO 
85 
MOVX 
@DPTR,A 
; WRITE IT TO THE LATCH 


oo7B 09 
86 
INC 
RI 


OO7C DA08 
87 
DJNZ 
R2, L3 
; WHEN ALL BYTES HAVE BEEN SENT 
88 
oo7E C2A8 
89 
CLR 
IE.O 
; DISABLE INTERRUPT 


0080 C294 
90 
CLR 
PI. 4 
; CAUSE 8088 INTERRUPT 
TO TERMINATE 
DMA 


0082 D294 
91 
SETB 
PI. 4 


0084 D2CE 
92 
SETB 
RBE 
; ENABLE RECEIVER 
AGAIN 
93 


0086 32 
94 
L3: 
RETI 
95 
96 
97 


0087 
98 
LOC-TMPSET 
S 


0023 
99 
ORG 
0023H 


0023 020087 
100 
LJMP 
SERIALINT 


0087 
101 
ORG 
LOC-TMP 
102 
103 
SERIALINT: 
104 


0087 30CE06 
105 
JNB 
RBE,RCV 
; WAS A FRAME RECEIVED 


oo8A 30CFOB 
106 
JNB 
TBF, XMIT 
; WAS A FRAME TRANSMITTED 


oo8D 020056 
107 
LJMP 
ERROR 
; IF NEITHER 
ERROR 
108 
oo9020CBC3 
109 
RCV: 
JB 
BOV, ERROR 
; IF BUFFER OVERRUN THEN ERROR 


0093 1158 
110 
CALL 
SEND 
; SEND THE FRAME TO THE 8088 


0095 C2CC 
III 
CLR 
SI 


0097 32 
112 
RETI 
113 
0098 C2CC 
114 
XMIT: 
CLR 
SI 


1~6 


RUPI"'-44 


009A D2AA 
115 
SETB 
EXI 


009C 32 
116 
RETI 
117 
118 
END 


SYMBOL TABLE LISTING 


NAME 
TYPE 
VALUE 
ATTRIBUTES 


BOV 
B ADDR 
OOC8H.3 A 


ERROR 
C ADDR 
0056H 
A 


EXO 
B ADDR 
OOA8H.0 A 


EXI 
B ADDR 
OOA8H.2 A 


FIRSLBYTE 
B ADDR 
0020H.0 
A 


IE 
D ADDR 
00A8H 
A 


INIT 
C ADDR 
0026H 
A 


IP 
D ADDR 
00B8H 
A 


LI 
C ADDR 
0074H 
A 


L2 
C ADDR 
0073H 
A 


L3 
C ADDR 
0086H 
A 


LOCTMP 
C ADDR 
0087H 
A 


PI 
D ADDR 
0090H 
A 


RBE 
B ADDR 
OOC8H.6 A 


RBL 
D ADDR 
OOCBH 
A 


RBS 
D ADDR 
OOCCH 
A 
RCV 
C ADDR 
0090H 
A 


RECEIVLDMA 
C ADDR 
0063H 
A 


RFL 
D ADDR 
OOCDH 
A 


RTS 
B ADDR 
00C8H.5 
A 


SEND 
C ADDR 
0058H 
A 


SERIALINT 
C ADDR 
0087H 
A 


SI 
B ADDR 
00C8H.4 
A 


SMD 
D ADDR 
00C9H 
A 


SP 
D ADDR 
0081H 
A 


STAD 
D ADDR 
OOCEH 
A 


TBF 
B ADDR 
OOC8H.7 A 


TBL 
D ADDR 
OODBH 
A 


TBS 
D ADDR 
OODCH 
A 


TCB 
D ADDR 
OODAH 
A 
TCON 
D ADDR 
0088H 
A 


THI 
D ADDR 
008DH 
A 


TMOD 
D ADDR 
0089H 
A 


TRANSMILDMA 
C ADDR 
0079H 
A 


XMIT 
C ADDR 
0098H 
A 


REGISTER 
BANK(S) USED: 0, TARGET MACHINE(S): 
8044 


ASSEMBLY COMPLETE, 
NO ERRORS FOUND 


SERIES-III 
PL/M-86 
VI.O 
COMPILATION 
OF MODULE 
RUPI_88 


OB~ECT 
MODULE 
PLACED 
IN :FI:R88.0B~ 


COMPILER 
INVOKED 
BY: 
PLM86.86 
:FI:R88.SRC 


LIT 
TRUE 
FALSE 


RECV_BUFFER(64) 
XMIT _BUFFER (64) 
I 
WAIT 


MASTER_CLEAR_37 
COMMAND_37 
ALL_MASK_37 
SINGLE 
MASK 
37 


STATUS:=37 
- 


REGUEST_REG_37 
MODE 
REG 
37 


CLEAR_BYTE_PTR_37 


CHO_ADDR 
CHO_COUNT 
CHI_ADDR 
CHI_COUNT 
CH2_ADDR 
CH2_COUNT 
CH3_ADDR 
CH3_COUNT 


LITERALLY 
LIT 
LIT 


BYTE, 
BYTE, 
BYTE, 
BYTE, 


'LITERALLY' , 
'OIH', 
'OOH', 


'OFFDDH' , 
'OFFD8H', 
'OFFDFH', 
'OFFDAH', 
'OFFD8H' , 
'OFFD9H' , 
'OFFDBH' , 
'OFFDCH' , 


'OFFDOH' • 
'OFFDIH' , 
'OFFD2H' • 
'OFFD3H', 
'OFFD4H' , 
'OFFD5H', 
'OFFD6H' , 
'OFFD7H', 


CHO_SEL 
CHI_SEL 
CH2_SEL 
CH3_SEL 
WRITE 
XFER 


READ_XFER 
DEMAND_MODE 
SINGLE_MODE 
BLOCK_MODE 
SET _MASK 


STATUS 
POLL_59 
ICWI_59 
OCWI_59 
OCW2_59 
OCW3_59 
ICW2_59 
ICW3_59 
ICW4_59 


'OOH', 
'OIH', 
'02H', 
'03H', 
'04H', 
'08H', 
'OOH', 
'40H' , 
'80H' , 
'04H', 


'OFFEOH' , 
'OFFEOH' , 
'OFFEIH' , 
'OFFEOH', 
'OFFEOH' , 
'OFFEIH', 
'OFFEIH' , 
'OFFEIH' , 


OUTPUT (SINGLE_MASK_37)=40H, 
WAIT=FALSE, 
END, 


OUTPUT(MASTER_CLEAR_37) 
OUTPUT(COMMAND 
37) 
OUTPUTIALL_MASK_37) 
OUTPUTlMODE_REg_37) 
OUTPUT IMODE_REg_37) 
OUTPUT ICLEAR_BYTE_PTR_37) 
OUTPUTICHO_ADDR) 
OUTPUTICHO_ADDR) 
OUTPUTICHO 
COUNT) 
OUTPUTICHO=COUNT) 
OUTPUTICHI.J'DDR) 
OUTPUTICHI_ADDR) 
OUTPUTICHI 
COUNT) 
OUTPUTICH1=COUNT) 


-0; 
-04OHi 
-OFH; 
-ISINgLE_MODE 
OR 
WRITE_XFER 
OR 
CHO_SEL); 


-(SINGLE_MODE 
OR 
READ_XFER 
OR 
CHI_SEL); 


-0; 
-DOH; 
-40H; 
-64; 
=00; 
-40H; 
-40H; 
-64; 
-00; 


-I3H; 
I*SINgLE 
MODE, 
EDGE 
TRIGGERED 
INPUT, 
8086 
INTERRUPT 
TYPE*I 
-20H; 
I*INTERRUPT 
TYPE 
32*1 
-03H; 
I*AUTO-EOI*I 
-OFEH; 
I*ENABLE 
INTERRUPT 
LEVEL 
0*1 


DO 
I- 1 TO 64; 
1* 
FILL 
UP 
THE 
XMIT_BUFFER 
WITH 
DATA 
*1 
XMIT_BUFFER(I)-I; 
END; 


1* A BLOCK 
OF DATA 
WILL 
BE TRANSFERRED 
TO THE 
RUPI. 


WHEN 
THE 
RUPI 
RECEIVES 
A BLOCK 
OF 
DATA 
IT WILL 
SEND 
IT TO THE 
8088 
MEMORY 
AND 
INTERRUPT 
THE 
8088. 


THE 
INTERRUPT 
SERVICE 
ROUTINE 
WILL 
SHUT 
OFF 
THE 
DMA 
CONTROLLER 
AND 
SET 
'WAIT' 
FALSE 
*1 


OUTPUT (ICW1_:l9) 


OUTPUT< ICW2_:l9) 
OUTPUT< ICW4 
59) 
OUTPUTIOCW1=:l9) 


$E.JECT 
CALL 
SET$INTERRUPT 


WAIT-TRUE; 
DO WHILE 
WAIT; 
END. 


CODE 
AREA 
SIZE 
- 00D7H 
CONSTANT 
AREA 
SIZE 
- OOOOH 
VARIABLE 
AREA 
SIZE 
- 0082H 
MAXIMUM 
STACK 
SIZE 
- OOIEH 
124 LINES 
READ 
o PROGRAM 
WARNINGS 
o PROGRAM 
ERRORS 


2I:lD 
OD 
I30D 
300 


A HIGH PERFORMANCE 
NETWORK 
USING THE 8044 


This section describes the design of an SOLC data link 
using the 8044 (RUPI) to implement a primary station 
and a secondary station. The design was implemented 
and tested. The following discussion assumes that the 
reader understands the 8044 and,SOLC. This section is 
divided into two parts. 
First the data 
link design 


example is discussed. Second the software modules 
used to implement the data link are described. To help 
the reader understand the discussion of the software, 
flow charts 
and software 
listings are displayed 
in 


Appendix A and Appendix B, respectively. 


Application 
Description 


This particular data link design example uses a two wire 
half-duplex multidrop topology as shown in figure 19-4. 
In an SOLC multidrop topology the primary station 
communicates 
with 
each 
secondary 
station. 
The 


secondary stations communicate only to the primary. 
Because of this hierarchial 
architecture, 
the logical 


topology for an SOLC multidrop is a star as shown in 
figure 19-5. Although the physical topology of this data 
link is multidrop, 
the easiest way to understand 
the 


information 
flow is to think 
of the logical (star) 


topology. The term data link in this case refers to the 
logical communication 
pathways between the primary 


station and the secondary stations. The data links are 
shown in figure 19-5 as two way arrows. 


The application example uses dumb async terminals to 
interface to the SOLC network. Each secondary station 
has an async terminal connected to it. The secondary 
stations are in effect protocol converters which allows 
any async terminal to communicate with any other async 
terminal on the network. The secondary stations use an 
8044 with a UART to convert SOLC to async. Figure 
19-6 displays a block diagram of the data link. The 
primary station, controls the data link. In addition to 
data link control the primary provides a higher level 
layer which is a path control function or networking 
layer. The primary serves as a message exchange or 
switch. It receives information from one secondary sta- 
tion and retransmits it to another secondary station. 
Thus a virtual end to end connection is made between 
any two secondary stations on the network. 


Three separate software modules were written for this 
network. The first module is a Secondary Station Driver 
(SSO) which provides an SOLC data link interface and 
a user interface. This module is a general purpose driver 
which requires application software to run it. The user 
interface to the driver provides four functions: OPEN, 


CLOSE, TRANSMIT, and SIU_RECV. 
Using these 
four functions properly will allow any application soft- 
ware to communicate over this SOLC data link without 
knowing the details of SDLC. The secondary station 
driver uses the 8044's AUTO mode. 


The second module is an example of application soft- 
ware which is linked to the secondary station driver. 
This module drives the 8251A, buffers data, and inter- 
faces with the secondary station driver's user interface. 


The third module is a primary station, which is a stand- 
alone program 
(i.e., 
it is not linked to any other 
module). The primary station uses the 8044's NON- 
AUTO or FLEXIBLE mode. In addition to controll- 
ing the data link it acts as a message switch. Each time 
a secondary station transmits 
a frame, it places the 


destination address of the frame in the first byte of the 
information or I field. When the primary station receives 
a frame, it removes the first byte in the I field and 
retransmits the frame to the secondary station whose 
address matches this byte. 


This network provides two complete layers of the OSI 
(Open Systems Interconnection) 
reference model: the 


physical layer and the data link layer. The physical layer 
implementation uses the RS-422 electrical interface. The 
mechanical medium consists of ribbon cable and con- 
nectors. 
The data 
link layer is defined 
by SDLC. 


SOLC's use of acknowledgements and frame number- 
ing guarantees that messages will be received in the same 
order in which they were sent. It also guarantees message 
integrity over the data link. However this network will 
not guarantee secondary to secondary message delivery, 
since there are acknowledgements 
between secondary 


stations. 


The schematic of the hardware is given in figure 19-7. 
The 8251A is used as an async communications 
con- 
troller, in support of the 8044. TxROY and RxROY on 
the 8251A are both tied to the two available external 
interrupts of the 8044 since the secondary station driver 
is totally interrupt driven. The 8044 buffers the data 
and some variables in a 2016 (2K x 8 static RAM). The 
8254 programmable interval timer is employed as a pro- 
grammable baud rate generator and system clock driver 
for the 8251A. The third output from the 8254 could 
be used as an external baud rate generator for the 8044. 
The 2732A shown in the diagram was not used since 
the software 
for both 
the primary 
and secondary 


stations used far less than the 4 Kbytes provided on the 
8744. For the async interface, 
the standard 
RS-232 


PRIMARY 
STATION 


SECONDARY 
SECONDARY 
SECONDARY 
STATION 
STATION 
STATION 


mechanical and electrical interface was used. For the 
SOLC channel, a standard two wire three state RS-422 
driver is used. A DIP switch connected to one of the 
available 
ports on the 8044 allows the baud 
rate, 
parity, and stop bits to be changed on the async inter- 
face. The primary station hardware does not use the 
USART, 8254, nor the RS-232 drivers. 


19.2.3 SOLe 
Basic Repertoire 


The SOLC commands and responses implemented in 
the data link include the SOLC Basic Repertoire as 
defined in the IBM SOLC General Information manual. 
Table 19-3shows the commands and responses that the 
primary and the secondary station in this data link 
design recognize and send. 


Figure 19-6. Block Diagram 
of the Data Link 
Application 
Example 


Table 19-3. Data Link Commands and 


Responses Implemented for This Design 


Responses 
Commands 
Recognized 
Sent 


Unnumbered 
UA 
SNRM 
DM 
DISC 


FRMR 
'RD 


Supervisory 
RR 
RR 
RNR 
RNR 


Information 
I 
I 


Commands 
Responses 
Recognized 
Sent 


Unnumbered 
SNRM 
UA 
DISC 
DM 


'TEST 
FRMR 
'RD 
'TEST 


Supervisory 
RR 
RR 
RNR 
RNR 
REJ 


Information 
I 
I 


The term command specifically means all frames which 
the primary station transmits and the secondary stations 
receive. Response refers to frames which the secondary 
stations transmit and the primary station receives. 


Number of Outstanding Frames 


This particular data link design only allows one out- 
standing 
frame before it must receive an acknow- 
ledgement. 
Immediate 
acknowledgement 
allows the 
secondary station drivers to use the AUTO mode. In 
addition, one outstanding frame uses less memory for 
buffering, and the software becomes easier to manage. 


19.2.4 Secondary 
Station Driver using 


AUTO mode 


The 8044 secondary station driver (SSD) was written 
as a general purpose SDLC driver. It was written to be 
linked to an application module. The application soft- 
ware implements the actual application in addition to 
interfacing to the SSD. The main application could be, 
a printer or plotter, a medical intrument, or a terminal. 
The SSD is independent of the main application, it just 
provides the SDLC communications. 
Existing 8051 


applications could add high performance SDLC com- 
munications capability by linking the SSD to the existing 
software and providing additional software to be able 
to communicate with the SSD. 


The SSD has two software interfaces: a data link inter- 
face and a user interface as show in Figure 19-8.The 
data link interface is the part of the software which con- 
trols the SDLC communications. It handles link access, 
command 
recognition/response, 
acknowledgements, 


and error recovery. The user interface provides four 
functions: 
OPEN, 
CLOSE, 
TRANSMIT, 
and 
SIU_RECV. 
These are the only four functions which 
the application software has to interface in order to com- 
municate using SDLC. These four functions are com- 
mon to m~ny 110 drivers like floppy and hard disks, 
keyboard/CRT, 
and async communication 
drivers. 


The data link and the user interface each have their own 
states. Each interface can only be in one state at any 
time. The SSD uses the states of these two interfaces 
to help synchronize the application module to the data 
link. 


There are three states which the secondary station data 
link interface 
can be in: Logical Disconnect 
State 


(L_D_S). 
Frame Reject State (FRMR_S), 
and the 


Information 
Transfer 
State (1_T_S). 
The Logical 


Disconnect State is when a station is physically con- 
nected to the channel but either the primary or secon- 
dary have not agreed to enter the Information Transfer 
State. Both the primary and the secondary stations syn- 
chronize to enter into the Information Transfer State. 
Only when the secondary station is in the 1_ T_S 
is 


it able to transfer data or information to the primary. 
The Frame Reject State (FRMR_S) 
indicates that the 
secondary station has lost software synchronization with 
the primary or encountered some kind of error condi- 
tion. When the secondary station is in the FRMR_S, 
the 


primary station must reset the secondary to resynchronize. 


The user interface has two states, open or closed. In 
the closed state the user program does not want to com- 
municate over the network. The communications chan- 
nel is closed and not available for use. The secondary 
station tells the primary this by responding to all com- 
mands with DM. The primary continues to poll the 
secondary in case it wants to enter the 1_ T_S 
state. 
When the user program begins communication over the 
data link it goes into the open state. It does this by call- 
ing the OPEN procedure. When the user interface is 
in the open state it may transfer information 
to the 


primary. 


APPLICATION 
SECONDARY 
MODULE 
STATION 
DRIVER 
MODULE 


DATA 
LINK 
INTERFACE 


SSD 
DATA 
LINK 
INTERFACE 
USER 
A 
.. 
INTERFACE 
STATES 


1. LOGICAL 
.. 


~ 


I' 
USER 
STATES 
DISCONNECT 
STATE 
2. INFORMATION 
SSD 
1. OPEN 
TRANSFER 
INTERFACE 
2. CLOSED 
STATE 
PROCEDURES 
3. FRAME 
REJECT 
STATE 
OPEN 
CLOSE 
TRANSMIT 
SIU RECV 


Secondary 
Stations 
Commands, 
Responses 
and 


State 
Transitions 


Table 19-4shows the commands which the secondary 
station recognizes and the responses it generates. The 
first row in table 19-4 displays commands the secon- 
dary station recognizes and each column shows the 
potential responses with respect to secondary station. 
For example, if the secondary is in the Logical Discon- 
nect State it will only respond with OM, unless it receives 
a SNRM command and the user state is open. If this 
is the case, then the response will be UA and the secon- 
dary station will move into the 1_ T_So 


Figure .19-9shows the state diagram of the secondary 
station. When power is first applied to the secondary 
station, it goes into the Logical Disconnect State. As 
mentioned 
above, the 1_ T_S 
is entered when the 


secondary station receives a SNRM command and the 
user state is open. The secondary responds with UA to 
let the primary know that it has accepted the SNRM 
and is entering the 1_ T_So The 1_ T_S can go into 
either the L_D_S 
or the FRMR_S. 
The 1_ T_S goes 


into the L_D_S 
if the primary sends the secondary 


DISC. The secondary has to respond with UA, and then 
goes into the L_D_S. 
If the user interface changes 


from open to close state, then the secondary sends RD. 
This causes the primary to send a DISC. 


The FRMR_S 
is entered when a secondary station is 


in the 
1_ T_S 
and 
either 
one 
of the 
following 


conditions occurs. 


- 
A command 
can 
not 
be recognized 
by the 
secondary station. 


- 
There is a buffer overrun. 


- 
The Nr that 
was received from the primary 


station is invalid. 


The secondary station cannot leave the FRMR_S 
until 
it receives a SNRM or a DISC command. 


Software 
description 
of the SSD 


To aid in following the description of the software, the 
reader may either look at the flow charts which are given 
for each procedure, or read the PL/M-51 
listing pro- 


vided 
in Appendix A. 


A block diagram of the software structure of the SSD 
is given in figure 19-10. A complete module is identified 
by the dotted box, and a procedure is identified by the 
solid box. Therefore the SIU_RECV 
procedure is not 
included in the SSD module, it exists in the application 
software. Two or more procedures connected by a solid 
line means the procedure above calls the procedure 
below. Transmit, Power_on_D, 
Close, and Open are 


all called by the application 
software. 
Procedures 


without any solid lines connected above are interrupt 
procedures. The only interrupt procedure in the SSD 
module is the SIU 
INT. 


The entire SSD module is interrupt driven. Its design 
allows the application program could handle real time 
events or just dedicate more CPU time to the applica- 
tion program. The SIU_INT 
is the only interrupt pro- 
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cedure in the SSD. It is automatically entered when an 
SIU interrupt occurs. This particular interrupt can be 
the lowest priority interrupt in the system. 


SSD Initialization 


Upon reset the application software is entered first. The 
application software initializies its own variables then 
calls Power_On_D 
which is the SSD's initialization 
routine. The SSD's initialization sets up the transmit 
and receive data buffer pointers (TBS and RBS), the 
receive buffer 
length (RBL), 
and 
loads the State 


variables. The STATION_STATE 
begins in the L_ 
D_S state, and the USER_STATE 
begins in the closed 
state. 
Finally 
Power _ On_D 
initializes 
XMIT_ 
BUFFER_EMPTY 
which is a bit flag. This flag serves 
as a semaphore between the SSD and the application 
software to indicate the status of the on chip transmit 
buffer. The SSD does not set the station address. It is 
the application software's responsibility to do this. After 
initialization, the SSD is ready to respond to all of the 
primary stations commands. Each time a frame is receiv- 
ed with a matching station address and a good CRC, 
the SIU_INT 
procedure is entered. 


The first thing the SIU_INT 
procedure clears the serial 
interrupt _bit 
(SI) in the STS register. If the SIU_ 
INT procedure returns with this bit set, another SI in- 
terrupt will occur. 


The 
SIU _INT 
procedure 
is 
branches 
three 
independent 
cases. The first case is entered if the 
STATION_STATE 
is not in the I_T_S. 
If this is 
true, then the SIU is not in the AUTO mode, and the 
CPU will have to respond to the primary on its own. 
(Remember that the AUTO mode is entered when the 
STATION_STATE 
enters 
into 
I_T_S.) 
If 
the 
STATION_STATE 
is in the I_T_S, 
then either the 
SIU has just left the AUTO mode, or is still in the 
AUTO 
mode. 
This is the second and 
third 
case 
respectively. 


In the first case, if the STATION_STATE 
is not in 


the I_T_S, 
then it must be in either the L_D_S 
or 


the FRMR_S. 
In either case a separate procedure is 


called based on which state the station is in. The In 
Disconnect_State 
procedure sends to the primary a DM 
response, unless it received a SNRM command and the 
USER_STATE 
equals open. In that case the SIU sends 
an UA and enters into the 1_ T_So The In_FRMR 
State procedure 
will send the primary 
the FRMR 
response unless it received either a DISC or an SNRM. 
If the primary's command was a DISC, then the secon- 
dary will send an UA and enter into the L_D_S. 
If 
the primary's command was a SNRM, then the secon- 
dary will send an UA, enter into the 1_ T_S, and clear 
NSNR register. 


For the second case, if the STATION_ST 
ATE is in 
the 1_ T_S but the SIU left the AUTO mode, then the 
CPU must determine why the AUTO mode was exited, 
and generate a response to the primary. There are four 
reasons for the SIU to automatically leave the AUTO 
mode. The following is a list of these reasons, and the 
responses given by the SSD based on each reason. 


I. The SIU has received a command field it does 
not recognize. 


Response: 
If the CPU recognizes the command, 


it generates the appropriate 
response. 
If neither 


the SIU nor the CPU recognize the command, then 
a FRMR response is sent. 


2. The SIU has received a Sequence Error 
Sent 


(SES= 1 in NSNR register). Nr(P) "* Ns(S)+ I, and 
Nr(P) "* Ns(S). 


Response: Send FRMR. 


3. A buffer overrun has occured. BOV=I in STS 
register. 


Response: Send FRMR. 


4. An I frame with data was received while RPB= I. 


Response: Go back into AUTO mode and send an 
AUTO mode response. 


In addition to the above reasons, there is one condi- 
tion where the CPU forces the SIU out of the AUTO 
mode. This is discussed in the SSD's User Interface Pro- 
cedures section in the CLOSED procedure description. 


Finally, case three is when the STATION_STATE 
is 


in the 1_ T_S 
and the AUTO mode. The CPU first 


looks at the TBF bit. If this bit is 0 then the interrupt 
may have been caused by a frame which was trans- 
mitted 
and acknowledged. 
Therefore 
the XMIT_ 


BUFFER_EMPTY 
flag is set again indicating that the 


application software can transmit another frame. 


The other reason this section of code could be entered 
is if a valid I frame was received. When a good I frame 
is received the RBE bit equals O. This means that the 
receiver is disabled. If the primary were to poll the 8044 
while RBE=O,it would time out since no response would 
given. Time outs reduce 
network 
throughput. 
To 


improve network performance, the CPU first sets RBP, 
then sets RBE. Now when the primary polls the 8044 
an immediate RNR response is given. At this point the 
SSD callsthe application software procedure SIU_RECV 
and passes the length of the data as a parameter. The 
SIU_RECV 
procedure reads the data out of the receive 


buffer then returns to the SSD module. Now that the 
receive information 
has been transfered, 
RBP 
can 


be cleared. 


Command_Decode 
Procedure 


The Command_Decode 
procedure is called from the 


SIU_INT 
procedure when the STATION_STATE 
= 
1_ T_S 
and the SIU left the AUTO mode as a result 


C-FIELD OF THE REJECTED COMMAND, AS RECEIVED 
I 


THIS STATION'S PRESENT Ns 
j 


THIS STATION'S PRESENT N, 
t 
__ 
1_1 


of not being able to recognize the receive control byte. 
Commands 
which the SIU AUTO mode does not 


recognize are handled here. The commands recogniz- 
ed in this procedure are: SNRM, DISC, and TEST. Any 
other command received will generate a Frame Reject 
with the nonimplemented command bit set in the third 
data byte of the FRMR frame. Any additional 
un- 


numbered frame commands which the secondary sta- 
tion is going to implement, should be implemented in 
this procedure. 


If a SNRM is received the command_decode 
procedure 


calls the SNRM_Response 
procedure. The SNRM_ 


Response procedure sets the STATION_STATE 
= I_ 


T_S, 
clears the NSNR register and responds with an 


UA frame. If a DISC is received, the command_decode 
procedure sets the STATION_STATE 
= L_D_S, 
and responds with an UA frame. When a TEST frame 
is received, 
and 
there 
is no buffer 
overrun, 
the 


command_decode 
procedure responds with a TEST 


frame retransmitting the same data it received. However 
if a TEST frame is received and there is a buffer over- 
run, then a TEST frame will be sent without any data, 
instead of a FRMR with the buffer overrun bit set. 


Frame Reject Procedures 


There are two procedures which handle the FRMR state: 
XMIT_FRMR 
and IN_FRMR_STATE. 
XMIT_ 


FRMR is entered when the secondary station first goes 
into the FRMR state. The frame reject response frame 
contains the FRMR response in the command field plus 
three additional data bytes in the I field. Figure 19-11 
displays the format for the three data byte in the I field 


of a FRMR response. The XMIT _FRMR 
procedure 


sets up the Frame Reject response frame based on the 
parameter REASON which is passed to it. Each place 
in the SSD code that calls the XMIT _FRMR 
pro- 
cedure, passes the REASON that this procedure was 
called, which in turn is communicated 
to the primary 
station. The XMIT _FRMR 
procedure uses three bytes 


of internal RAM which it initializes for the correct 
response. The TBS and TBL registers are then chang- 
ed to point to the FRMR buffer so that when a response 
is sent these three bytes will be included in the I field. 


The IN_FRMR_STATE 
procedure is called by the 
SIU_INT 
procedure 
when the STATION_STATE 
already 
is in the FRMR 
state 
and 
a response 
is 


required. The IN_FRMR_STATE 
procedure will only 


allow two commands to remove the secondary station 
from the FRMR state: SNRM and DISC. Any other 
command which is received while in the FRMR state 
will result a FRMR response frame. 


This is a general purpose transmit 
procedure, 
used 
only in the FLEXIBLE mode, which sends unnumbered 
responses to the primary. It accepts the control byte as 
a parameter, 
and also expects the TBL register to be 
set before the procedure is called. This procedure waits 
until the frame has been transmitted before returning. 
If this procedure returned before the transmit interrupt 
was generated, the SIU_INT 
routine would be entered. 


The SIU_INT 
routine would not be able to distinguish 
this condition. 


SSD's User Interface Procedures -- OPEN, CLOSE, 
TRANSMIT, 
SIU_RECV 
-- are discussed in the 


following section. 


The OPEN procedure is the simplest of all, it changes 
the USER_STATE 
to OPEN_S 
then returns. This lets 
the SSD know that the user wants to open the channel 
for communications. 
When the SSD receives a SNRM 


command, 
it checks 
the 
USER_STATE. 
If the 


USER_STATE 
is open, then the SSD will respond with 


an 
UA, 
and 
the 
STATION_STATE 
enters 
the 
ITS. 


The CLOSE procedure is also simple, it changes the 
USER_STATE 
to CLOSED_S 
and sets the AM bit 


to O. Note that when the CPU sets the AM bit to 0 it 
puts the SIU out of the AUTO mode. This event is asyn- 
chronous to the events on the network. As a result an 
I frame can be lost. This is what can happen. 


I. AM is set to 0 by the CLOSE Procedure. 


2. An I frame is received and a SI interrupt occurs. 


3. The 
SIU_INT 
procedure 
enters 
case 
2. 
(STATION_STATE 
= I_T_S, 
and AM = 0) 


4. Case 
2 detects 
that 
the 
USER_STATE 
= 


CLOSED_S, 
sends a RD response and ignores 
the fact that an I frame was received. 


Therefore it is advised to never call the CLOSE pro- 
cedure or take the SIU out of the AUTO mode when 
it is receiving I frames or an I frame will be lost. 


For both the TRANSMIT and SIU._RECV procedures, 
it is the application software's job to put data into the 
transmit buffer, and take data out of the receive buf- 
fer. The SSD does not transfer data in or out of its 
transmit or receive buffers because it does not know 
what kind of buffering the application software is im- 
plementing. What the SSD does do is notify the applica- 
tion software 
when the transmit 
buffer 
is empty, 
XMIT _BUFFER_EMPTY 
= I, and when the receive 


buffer is full. 


One of the functions that the SSD performs to syn- 
chronize the application software to the SDLC data link. 
However some of the synchronization must also be done 
by the application software. Remember that the SSD 
does not want to hang up the application 
software 


waiting for some event to occur on the SDLC data link, 
therefore the SSD always returns to the application soft- 
ware as soon as possible. 


For example, when the application software calls the 
OPEN procedure, the SSD returns immediately. The 
application software thinks that the SDLC channel is 
now open and it can transmit. This is not the case. For 
the channel to be open, the SSD must receive a SNRM 
from the primary and respond with a UA. However, 
the SSD does not want to hang up the application soft- 
ware waiting for a SNRM from the primary before 
returning 
from 
the 
OPEN 
procedure. 
When 
the 


TRANSMIT procedure is called, the SSD expects the 
STATION_STATE 
to be in the I_T_S. 
If it isn't, 


the SSD refuses to transmit the data. The TRANSMIT 
procedure first checks to see if the USER_STATE 
is 


open, if not the USER_ST ATE_ CLOSED parameter 
is passed back to the application module. The next thing 
TRANSMIT checks is the STATION_STATE. 
If this 


is not open, then TRANSMIT 
passes back LINK_ 


DISCONNECTED. 
This 
means 
that 
the USER 


STATE is open, but the SSD hasn't received a SNRM 
commmand 
from the primary 
yet. Therefore, 
the 


application software should wait awhile and try again. 
Based 
on 
network 
performance, 
one 
knows 
the 


maximum amount of time it will take for a station to 
be polled. If the application software waits this length 
of time and 
tries again 
but 
still gets a LINK_ 


DISCONNECTED parameter passed back, higher level 
recovery must be implemented. 


Before loading the transmit 
buffer and calling the 


TRANSMIT procedure, the application software must 
check to see that XMIT_BUFFER_EMPTY 
= I. This 
flag tells the application software that it can write new 
data into the transmit buffer and call the TRANSMIT 
procedure. After the application software has verified 
that 
XMIT_BUFFER_EMPTY 
= 
I, 
it fills the 


transmit buffer with the data and calls the TRANSMIT 
procedure 
passing 
the length 
of the buffer 
as a 


parameter. The TRANSMIT procedure checks for three 
reasons why it might not be able to transmit the frame. 
If any of these three reasons are true, the TRANSMIT 
procedure 
returns 
a parameter 
explaining 
why it 
couldn't 
send the frame. If the application software 


receives one of these responses, it must rectify the pro- 
blem and try again. Assuming these three conditions 
are false, then the SSD clears XMIT _BUFFER_ 
EMPTY, 
attempts to send the data and returns the 


parameter 
DATA_TRANSMITTED. 
XMIT_ 


BUFFER_EMPTY 
will not be set to I again until the 


data has been transmitted 
and acknowledged. 


The SIU_RECY procedure must be incorporated into the 
application software module. When a valid I frame is 
received by the SIU, it calls the SIU_RECV procedure 
and passes the length of the received data asa parameter. 
The SIU_RECV procedure must remove all of the data 
from the receive buffer before returning to the SIU_INT 
procedure. 


Figure 
19-12 shows necessary parts to include in a 


PUM-51 application program that will be linked to the 
SSD module. RL51 is used to link and locate the SSD 
and application modules. The command line used to 
do this is: 


RL51 SSD.obj,filename.obj,PLM5I.LIB 
TO filename 


& RAMSIZE(l92) 


$registerbank(O) 
user$mod: do; 
$include (reg44.dcl) 
declare 
lit 
buffer _length 
siu_xmit_buffer 
(buffer _length) 
siu_red 
_buffer 


(buffer _length) 
xmit_buffer_empty 


literally 
lit 
'literally' , 
'60', 


byte 
bit 
external, 
external; 


/* external procedures */ 


power_on_d: 
procedure 
end power_on_d; 


close: procedure 
end close; 


open: procedure 
end open; 


transmit: procedure 
(xmit_buffer_length) 
byte 


declare 
xmit_buffer_length 


end transmit; 


'external; 
byte; 


/* local procedures */ 


siu_recv: 
procedure (length) public 
declare 
length 
byte, 


PL/M-51 
and Register 
Banks 


The 8044has four register banks. PL/M-51 assumes that 
an interrupt procedure never uses the same bank as the 
procedure 
it 
interrupts, 
The 
USING 
attribute 
of a procedure, 
or the $REGISTERBANK 


control, can be used to ensure that. 


The 
SSD module 
uses the 
$REGISTERBANK(I) 


attribute. 
Some procedures 
are modified 
with the 


USING attribute based on the register bank level of the 
calling procedure. 


19.2.5 APPLICATION 
MODULE; 


Async to SDLC protocol converter 


One of the purposes of this application module is to 
demonstrate 
how to interface software to the SSD. 
Another purpose is to implement and test a pratical ap- 
plication, This application software performs 110 with 
an async terminal through a USART, buffers data, and 
also performs 110 with the SSD. In addition, it allows 
the user on the async terminal to: set the station ad- 


dress, set the destination address, and go online and 
.offline. Setting the station address sets the byte in the 
STAD register. The destination address is the first byte 
in the I field. Going online or offline results in either 
calling the OPEN or CLOSE procedure respectively. 


After the secondary station powers up, it enters the 
'terminal mode', which accepts data from the terminaL 
However, before.any data is sent, the user must con- 
figure the station. The station address and destination 
address must be set, and the station must be placed 
online. To configure the station the ESC character is 
entered at the terminal which puts the protocol converter 
into the 'configure mode'. Figure 20-13 shows the menu 
which appears on the terminal screen. 


( /) 8044 Secondary Station 


/ 


I - Set the Station Addr-ess 
2 - Set the Destination Address 
3 - Go Online 
4 - Go Offline 
5 - Return to terminal mode 


Enter option _ 


In the terminal mode data is buffered up in the secon- 
dary station. A Line Feed character 'LF' tells the secon- 
dary station to send an I frame. If more than 60 bytes 
are buffered in the secondary station when a 'LF' is 
received, the applications software packetizes the data 
into 60 bytes or less per frame. If a LF is entered when 
the station is offline, an error message comes on the 
screen which says 'Unable to Get Online'. 


The secondary station also does error checking on the 
async interface for Parity, Framing Error, and Over- 
run Error. If one of these errors are detected, an error 
message is displayed on the terminal screen. 


Buffering 


There are two separate 
buffers 
in the application 


module: a transmit buffer and a receive buffer. The 
transmit buffer receives data from the USART, and 
sends data to the SSD. The receive buffer receives data 
from the SSD, and transmits data to the USART. Each 
buffer is a 256 byte software FIFO. If the tranmsit FIFO 
becomes full and no 'LF' 
character 
is received, the 


secondary station automatically begins sending the data. 
In addition, the application module will shut off the 
terminal's 
transmitter 
using CTS until the FIFO has 


been partially emptied. A block diagram of the buffer- 
ing for the protocol converter is given in Figure 19-14. 


Application 
Module 
Software 


A block diagram of the application module software 
is given in Figure 19-15. There are three interrupt 
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,Figure 19-14. 
Block Diagram of Secondary Station 
Protocol Converter Illustrating Buffering 


routines 
in 
this 
module: 
USART_RECV 
_INT, 
USART 
XMIT 
INT, 
and 
T1MER_O_INT. 
The 
firSt 
two 
;;;:e for 
servicing 
the 
USART. 
TIMER 
OINT 
is used if the TRANSMIT 
pro- 


cedure ~ 
the SSD is called and does not return 


with 
the 
DATA 
TRANSMITTED 
parameter. 


TIMER 
0 
INT ~ploys 
Timer 0 to wait a finite 
amount -;;-ftime before tring to transmit again. The 
highest priority interrupt is USART_RECV _INT. 
The 
main program and all the procedures it calls use register 
bank 0, USART _XMIT _INT 
and TIMER_O_INT 
and FIFO 
R 
OUT use bank 
I, while USART_ 
RECV 
INT a-;;dall the procedures it calls use register 
bank 2. 


Power_On 
Procedure 


The Power_On 
procedure initializes all of the chips 
in the system including the 8044. The 8044 is initial- 
ized to use the on-chip DPLL with NRZI coding, 
PreFrame Sync, and Timer I auto reload at a baud rate 
of 62.5 Kbps. The 8254 and the 8251A are initialized 
next based on the DIP switch values attached to port 
I on the 8044. Variables and pointers are initialized, 
then the SSD's Power-Up Procedure, 
Power_On_ 
D, is called. Finally the interrupt system is enabled and 
the main program is entered. 


Main Program 


The main program is a simple loop which waits for a 
frame transmit command. A frame transmit command 
is indicated when the variable SEND_DATA 
is greater 


than O.The value of SEND_DATA 
equals the number 


of 'LF' characters in the transmit FIFO, hence it also 
indicates the number of frames pending transmission. 
Each 
time 
a 
frame 
is 
sent, 
SEND_DATA 
is 
decremented 
by one. Thus when SEND_DATA 
is 


greater than 0, the main program falls down into the 
next loop which polls the XMIT _BUFFER_EMPTY 
bit. When XMIT 
BUFFER_EMPTY 
equals I, the 


SIU 
XMIT 
BUFFER can be loaded. The first byte 


in th;-buffer lSloaded with the destination address while 
the rest of the buffer is loaded with the data. Bytes are 
removed from the transmit FIFO and placed into the 
SIU 
XMIT 
BUFFER 
until 
one of three 
things 
hap~n: 
I. a~F' 
character is read out of the FIFO, 
2. the number of bytes loaded equals the size of the 
SIU_XMIT_BUFFER, 
or 3. the transmit FIFO is 


empty. 


After the SIU 
XMIT 
BUFFER is filled, the SSD 


TRANSMIT p-;:;;cedure~ called and the results from 
the procedure 
are checked. 
Any result other than 
DATA 
TRANSMITTED 
will result in several retries 


within ;Finite amount of time. If all the retries fail then 
the LINK_DISC 
procedure is called which sends a 


message to the terminal, 'Unable to Get Online'. 


USART_RECV _INT 
Procedure 


When the 8251A receives a character,the 
RxRDY pin 


on the 8251A is activated,and this interrupt procedure 
is entered. The routine reads the USART status register 
to determine if there are any errors in the character 
received. If there are, the character is discarded and the 
ERROR procedure is called which prints the type of 
error on the screen. If there are no errors, the received 
character is checked to see if it's an ESe. If it is an ESC, 
the MENU procedure is called which allows the user 
to change the configuration. If neither one of these two 
conditions 
exits the received character 
is inserted 
into the transmit FIFO. The received character mayor 
may not be echoed back to the terminal based on the 
dip switch settings. 


Transmit FIFO 


The transmit FIFO consists of two procedures: FIFO_ 
T 
IN and FIFO 
T 
OUT. FIFO 
T 
IN inserts a 


character into theFIFO,and 
FIFO _ T_OUT 
removes 


a character from the FIFO. The FIFO itself is an array 
of 256 bytes called FIFO _ T. There are two pointers 
used as indexes in the array to address the characters: 
IN 
PTR 
T 
and 
OUT_PTR_T. 
IN_PTR_T 
poims to the location in the array which willstore the 
next byte of data inserted. OUT _PTR_ 
T points to 


the next byte of data removed from the array. Both 
IN 
PTR 
T and OUT _PTR_ 
T are declared 
as 


byt~. TheFIFO _ T_ IN procedure receivesa character 
from the USART 
RECV 
INT procedure and stores 


it in the array location poin~d to by IN_PTR_ 
T, then 
IN 
PTR 
Tis incremented. Similarly, when FIFO_ 


T OUT iscalled by the main program, 
to load the 


siU 
XMIT 
BUFFER, the byte in the array pointed 
to byOUT_PTR_T 
is read, then OUT_PTR_T 
is 


incremented. Since IN 
PTR 
T and OUT _PTR_ 
T 
are always incrementeC[ they -;:;:;ustbe able to roll over 
when they hit the top of the 256 byte address space. This 
is done automatically by having both IN_PTR_ 
T and 
OUT 
PTR 
T declared 
as bytes. 
Each character 
insert;d intothe 
transmit FIFO is tested to see if it's 


a LF. If it is a LF, the variable SEND_DATA 
is 


incremented which lets the main program know that it 
is time to send an I frame. Similarily each character 
removed from the FIFO is tested. SEND_DATA 
is 


decremented for every LF character removed from the 
FIFO. 


IN 
PTR 
T and OUT 
PTR_ T are also used to in- 


dic;te ho;- many bytes ;;:e in the FIFO, and whether 
it is full or empty. When a character is placed into the 
FIFO and IN 
PTR 
TIs incremented, the FIFO is full 
if 
IN 
PTR-T 
equals 
OUT_PTR_T. 
When 
a 


charac~r 
is r~d 
from the FIFO and OUT _PTR_ 
T 
is incremented, the FIFO is empty if OUT _PTR_ 
T 


equals IN_PTR_ 
T. If the FIFO is neither full nor 


empty, then it is in use. A byte called BUFFER_ 
STATUS 
T is used to indicate one of these three con- 
ditions. The application module uses the buffer status 
information 
to control the flow of data into and out 
of the FIFO. When the transmit FIFO is empty, the 
main program must stop loading bytes into the SIU_ 
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XMIT 
BUFFER. 
Just before the FIFO is full, the 


async i;;"putmust be shut off using CTS. Also if the 
FIFO is full and SEND_DATA=O, 
then SEND_ 


DATA must be incremented to automatically send the 
data without a LF. 


The receive FIFO operates in a similiar fashion as the 
transmit FIFO does. Data is inserted into the receive 
FIFO from the SIU_RECV 
procedure. 
The SIU_ 
RECV procedure is called by the SIU_INT 
procedure 
when a valid I frame is received. The SIU_RECV 
pro- 
cedure mearly polls the receive FIFO status to see if it's 
full before 
transfering 
each byte from 
the SIU_ 


RECV 
BUFFER into the receive FIFO. If the receive 
FIFO is-full, the SIU_RECV 
procedure remains poll- 


ing the FIFO status until it can insert the rest of the 
data. In the meantime, the SIU AUTO mode is respond- 
ing to all polls from the primary with a RNR supervisory 
frame. The USART_XMIT _INT 
interrupt procedure 


removes data from the receive FIFO and transmits it 
to the terminal. The USART transmit interrupt remains 
enabled while the receive FIFO has data in it. When 
the receive FIFO becomes empty, the USART transmit 
interrupt is disabled. 


The primary station is responsible for controlling the 
data link. It issues commands to the secondary stations 
and receives responses from them. The primary station 
controls link access, link level error recovery, and the 
flow of information. 
Secondaries can only transmit 


when polled by the primary. 


Most primary stations are either micro/minicomputers, 
or front end processors to a mainframe computer. The 
example primary station in this design is standalone. 
It is possible for the 8044 to be used as an intelligent 
front end processor for a microprocessor, 
implemen- 
ting the primary station functions. This latter type of 
design would extensively off-load link control functions 
for the microprocessor. 
The code listed in this paper 


can be used as the basis for this primary station design. 
Additional 
software 
is required to interface to the 


microprocessor. A hardware design example for inter- 
facing the 8044 to a microprocessor 
can be found in 


the applications section of this handbook. 


The primary station must know the addresses of all the 
stations which will be on the network. The software for 
this primary needs to know this before it is compiled, 
however a more flexible system would down load these 
parameters. 


From the listing of the software it can be seen that the 
variable 
NUMBER_OF 
_STATIONS 
is a 
literal 


declaration, 
which is 2 in this design example. There 
were three stations tested on this data link, two secon- 
daries and one primary. 
Following the NUMBER_ 
OF_ST AnONS 
declaration is a table, loaded into the 


object code file at compile time, which lists the addresses 
of each secondary station on the network. 


Remote 
Station 
Database 


The primary station keeps a record of each secondary 
station 
on the network. 
This is called the Remote 
Station Database (RSD). The RSD in this software is 
an array of structures, which can be found in the listing 
and also in Figure 19-I6. Each RSD stores the necessary 
information 
about that secondary station. 


To add additional secondary stations to the network, 
one simply adjusts the NUMBER_OF 
_STA nONS 
declaration, 
and adds the additional addresses to the 
SECONDARY _ADDRESSES 
table. The number of 
RSDs is automatically allocated at compile time, and 
the primary automatically 
polls each station whose 
address is in the SECONDARY _ADDRESSES 
table. 


Memory for the RSDs resides in ~xternal RAM. Based 
on memory requirements for each RSD, the maximum 
number of stations can be easily buffered in external 
RAM. (254 secondary stations is the maximum number 
SDLC will address on the data link; i.e. 8 bit address, 
FF H is the broadcast address, and 0 is the nul address. 
Each RSD uses 70 bytes of RAM. 70 x 254 = 17,780.) 


The station state, in the RSD structure, 
maintain the 
status of the secondary. If this byte indicates that the 
secondary is in the DISCONNECT _S, then the primary 
tries to put the station in the 1_ T_S 
by sending a 
SNRM. If the response is an UA then the station state 
changes into the 1_ T_So Any other frame received 
results 
in 
the 
station 
state 
remaining 
in 
the 


DISCONNECT _So When the RSD indicates that the 
station state is in the 1_ T_S, 
the primary will send 
either a I, RR, or RNR command, depending on the 
local and remote buffer status. When the station state 
equals GO_ TO_DISC 
the primary will send a DISC 


command. If the response is an UA frame, the station 
state will change to DISCONNECT _S, else the station 
state will remain in GO_TO _DISC. 
The station state 
is set to GO_ TO_DISC 
when one of the following 
responses occur: 


I. A receive buffer overrun in the primary. 


2. An I frame is received and Nr(P) *Ns(S). 


3. An I frame or a Supervisory frame is received and 
Ns(P) + I * Nr(S) and Ns(P) *Nr(S). 


4. A FRMR response is received. 


5. An RD response is received. 


6. An unknown response is received. 
The send count (Ns) and receive count (Nr) are also 
maintained in the RSD. Each time an I frame is sent 
by the primary and acknowledged by the secondary, Ns 
is incremented. 
Nr is incremented each time a valid I 
frame is received. BUFFER_STATUS 
indicates the 


status of the secondary stations buffer. If a RR response 
is received, BUFFER_STATUS 
is set to BUFFER_ 


READY. 
If a RNR 
response 
is received, 
BUFFER_ 
STATUS 
is set to BUFFER_NOT_READY. 


Buffering 


The 
buffering 
for 
the 
primary 
station 
is as follows: 


within 
each 
RSD 
is a 64 byte 
array 
buffer 
which 
is initially empty. 
When the primary 
receives an I frame, 


it looks for a match 
between 
the first byte of the I frame 
and the addresses 
of the secondaries 
on the network. 


If a match 
exits, the primary 
places the data in the RSD 
buffer 
of the destination 
station. 
The INFO _LENGTH 
in the RSD indicates 
how many bytes are in the buffer. 


If INFO 
LENGTH 
equals 
O,then 
the buffer 
is emp- 
ty. The Primary 
can buffer 
only one I frame 
per sta- 
tion. 
If a second 
I frame 
is received 
while the address- 
ed secondary's 
RSD buffer 
is full, the primary 
cannot 
receive 
any more 
I frames. 
At this point 
the primary 
continues 
to poll the secondaries 
using RNR supervisory 
frame. 


Primary 
Station 
Software 


A block 
diagram 
of the 
primary 
station 
software 
is 


shown in Figure 
19-17.The primary 
station 
software 
con- 


sists 
of a main 
program, 
one 
interrupt 
routine, 
and 


several 
procedures. 
The 
POWER_ON 
procedure 


begins 
by initializing 
the SIU's 
DMA and enabling 
the 


receiver. 
Then each RSD is initialized. 
The DPLL 
and 
the timers 
are set, and 
finally 
the TIMER 
0 interrupt 


is enabled. 


The main program 
consists of an iterative do loop within 


a do forever loop. The iterative do loop polls each secon- 
dary 
station 
once 
through 
the do loop. 
The 
varia?le 


ST A nON 
NUMBER 
is the counter 
for the iterative 


do 
stateme-;t 
which 
is also 
used 
as an 
index 
to the 


array of RSD structures. 
The primary 
station 
issues one 


command 
and receives 
one response 
from every secon- 
dary station 
each time through 
the loop. The first state- 


ment 
in the loop 
loads 
the secondary 
station 
address, 


indexed 
by STATION_NUMBER 
into the array of the 


RSD structures. 
Now when the primary 
sends a com- 


mand, 
it will 
have 
the 
secondary's 
address 
in the 


address 
field 
of 
the 
frame. 
The 
automatic 
address 


recognition 
feature 
is used by the primary 
to recognize 


the response 
from 
the secondary. 


Next 
the 
main 
program 
determines 
the 
secondary 
stations 
state. 
Based 
on this state, 
the primary 
knows 


what 
command 
to 
send. 
If 
the 
station 
is 
in 
the 


DISCONNECT 
_S, 
the primary 
calls the SNRM_P 


. STATION-ADDRESS 


STATION·STA 
TE 


NS 


NR 


BUFFER·STATUS 


INFO·LENGTH 


DATA 
(0) 


DATA 
(63) 


Figure 19-16. 
Remote 
Station 
Database 
Structure 


procedure to try and put the secondary in the I 
T 


S. If the station state is in the GO 
TO 
DISC~at~ 
the DISC_P 
is called to try and p~t th~econdary 
i~ 


the L_D_S. 
If the secondary is in neither one of the 


above two states, then it is in the ITS. 
When the 


secondary is in the 1_ T_S, the prim-;ry"Zouldsend one 
of three commands: 
I, RR, or RNR. If the RSD's 
buffer has data in it, indicated by INFO_LENGTH 
being 
greater 
than 
zero, 
and 
the 
secondary's 
BUFFER_STATUS 
equals BUFFER_READY, 
then 


an I frame will be sent. Else if RPB=O, a RR super- 
visory frame will be sent. If neither one of these cases 
is true, then an RNR will be sent. The last statement 
in the main program checks the RPB bit. If set to one, 
the BUFFER_TRANSFER 
procedure is called, which 
transfers the data from the SIU receive buffer to the 
appropriate 
RSD buffer. 


Receive 
Time 
Out 


Each time a frame is transmitted, 
the primary sets a 


receive time out timer; Timer O. If a response is not 
received within a certain time, the primary returns to 
the main program and continues polling the rest of the 
stations. 
The minimum length of time the primary 


should wait for a response can be calculated as the sum 
of the following parameters. 


I. propagation 
time to the secondary station 


2. clear-to-send time at the secondary station's 
DCE 


3. appropriate 
time for secondary station processing 
4. propagation 
time from the secondary station 
5. maximum frame length time 


The clear-to-send time and the propagation 
time are 
negligible for a local network at low bit rates. However, 
the turnaround 
time and the maximum frame length 
time are significant factors. Using the 8044 secondaries 
in the AUTO mode minimizes turnaround 
time. The 
maximum frame length time comes from the fact the 
8044 does not generate an interrupt 
from a received 
frame until it has been completely received, and the CRC 
is verified as correct. This means that the time-out is 
bit rate dependent. 


Ns and Nr check 
Procedures 


Each time an I frame or supervisory frame is received, 
the Nr field in the control byte must be checked. Since 
this data link only allows one outstanding frame, a valid 
Nr 
would 
satisfy 
either 
one 
of 
two 
equations; 
Ns(P) + I = Nr(S) the I frame previously sent by the 
primary is acknowledged, 
Ns(P) = Nr(S) the I frame 
previously sent is not acknowledged. 
If either one of 


these two cases is true, the CHECK_NR 
procedure 


returns a parameter 
of TRUE; otherwise a FALSE 
parameter 
is returned. 
If an acknowledgement 
is 


received, the Ns byte in the RSD structure 
is in- 
cremented, and the Information buffer may be cleared. 
Otherwise the information 
buffer remains full. 


Figure 19-17. 
Block 
Diagram 
of Primary 
Station 
Software 
Structure 


When 
an 
I frame 
is received, 
the 
Ns field 
has to be 


checked 
also. 
If Nr(P) 
= Ns(S), 
then 
the 
procedure 


returns 
TRUE, 
otherwise 
a FALSE 
is returned. 


Receive 
Procedure 
. 


The receive 
procedure 
is called 
when a supervisory 
or 


information 
frame 
is sent, 
and a response 
is received 


before 
the time-out 
period. 
The RECEIVE 
procedure 


can be broken 
down 
into three 
parts. 
The first part 
is 
entered 
if an I frame 
is received. 
When 
an I frame 
is 


received, 
Ns, Nr and 
buffer 
overrun 
are checked. 
If 


there 
is a buffer 
overrun, 
or there 
is an error 
in either 


Ns or Nr, 
then 
the station 
state 
is set to GO_ 
TO_ 


DISC. 
Otherwise 
Nr in the 
RSD is incremented, 
the 


receive 
field length 
is saved, 
and the RPB bit is set. By 


incrementing 
the Nr field, 
the I frame 
just 
received 
is 


acknowledged 
the next time the primary 
polls the secon- 


dary 
with 
an 
I 
frame 
or 
a 
supervisory 
frame. 


Setting 
RBP 
protects 
the received 
data, 
and also tells 


the main 
program 
that there 
is data 
to transfer 
to one 


of the RSD buffers. 


If a supervisory 
frame 
is received, 
the 
Nr 
field 
is 


checked. 
If a FALSE 
is returned, 
then the station 
state 


is set to GO_ 
TO_DISC. 
If the 
supervisory 
frame 


received 
was an RNR, 
buffer 
status 
is set to not ready. 


If the response 
is not 
an I frame, 
nor 
a supervisory 


frame, 
then 
it must 
be an Unnumbered 
frame. 


The only Unnumbered 
frames 
the primary 
recognizes 


are UA, OM, and FRMR. 
In any event, the station 
state 


is set 
to 
GO 
TO 
DISC. 
However 
if 
the 
frame 


received 
is a FRMR, 
Nr in the second 
data 
byte of the 


I field is checked 
to see if the secondary 
acknowledged 


an I frame received before 
it went into the FRMR 
state. 


If this is not done and the secondary 
acknowledged 
an 


I frame 
which 
the 
primary 
did 
not 
recognize, 
the 


primary 
transmits, 
the 
I frame 
when 
the 
secondary 


returns 
to the 1_ T_So 
In this case, the secondary 
would 


receive 
duplicate 
I frames. 


APPENDIX 
A 
8044 SOFTWARE 
FLOWCHARTS 


CLOSE 
PROCEDURE 


AM = 0 


Figure 19-18. Secondary 
Station 
Driver 
Flow Chart 
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LOAD DESTINATION 
ADDRESS IN FIRST 
BYTE OF SIU·XMIT 
BUFFER 


LOAD INFORMAnON 
INTO SIU 
XMIT·BUFFER 
SIU BUFFER LENGTH 
OR FIFO·T EMPTY 


OUTPUT MESSAGE 
TO TERMINAL 
'UNABLE TO GET ON LINE' 


FOR 
EACH 
STATION 
INITIALIZE 
RSD 
RECORDS 
1. STATlON·ADDRESS 
2. STATION·STATE 
= DISCONNECT 
3. BUFFER-STATE 
= BUFFER·NOT·READY 
4. INFO·LENGTH 
= 0 


BUILD 
CONTROL 
FIELD 
USING 
EITHER 
I, RR, RNR 
AND NR AND/OR 
NS 


MOVE 
DATA 
FROM 
SIU·RECV·BUFFER 
TO RSD 
BUFFER 


~I 
RETURN I 


APPENDIX 
B 


LISTINGS 
OF SOFTWARE 
MODULES 


intef 


tTITLE 
('RUPI-44 
S.cond.r~ 
St.tion 
Driv.r') 
tOEBUO 
tRECISTERSotINK( 
1) 


I'1AIN'I'1OD: 
001 


tNOLIST 


DECLARE 
LIT 
T'UE 
FALSE 
FOREVER 


lITERALLY 
LIT 
LIT 
LIT 


'LITERALLY', 
'OFFH', 
'OOH', 
'WHILE 
1'l 


/* 
SOLe 
co,....nd. 
ond 
1" •• pon, •• 
.1 


DECLARE 
9NtlM 
LIT 
'B3H', 
UA 
LIT 
'73H', 


DISC 
LIT 
'43H'. 


"" 
LIT 
'lFH', 
F•••• 
LIT 
'97H', 
REO_DISC 
LIT 
'~3H', 
UP 
LIT 
'33H', 
TEST 
LIT 
'OE3H', 


/* U,.r ,t.t •• .1 


OPEN_S 
LIT 
'OOH', 


ClOSED_S 
LIT 
'OtH', 


I. 
St.tion 
.t.t •• ·1 


DISCONNECT 
_5 
FRf'IR_S 
I_T_5 


'OOH·. 
/4 
LOOICALLY 
DISCONNECTED 
STATE*/ 
'OtH'. 
/* 
FRAI1E 
REJECT 
STATE 
*/ 
'02H'. 
/* 
INFORMTION 
TRANSFER 
STATE 
*/ 


USER_STATE_CLOSED 
LIT 
LINK 
DISCONNECTED 
LIT 
OVERFLOW 
LIT 
OATA_TRANSI'11TTED 
LIT 


'OOH', 
'OtH', 
'02H'. 
'03H', 


UNASSIONED_C 
LIT 
NO_I_FIELD_ALLOWED 
LIT 
BUFF_OVERRUN 
LIT 
SEa_ERR 
LIT 


'OOH', 
'01H', 
'02H', 
'03H', 


inter 


7 
2 


8 
2 
9 
I 


10 
2 
II 
2 


12 
1 


13 
2 
14 
2 
,. 
2 
16 
1 


17 
2 


18 
2 
19 
2 
20 
2 
21 
2 
22 
2 
23 
2 
24 
2 


25 


26 
2 


27 
2 


28 
2 


30 
2 


32 
2 


34 
3 


USER_STATE 
STATION_STATE 
I_FRAHE_LENOTH 


AUXILIARY. 
AUXILIARY. 
AUXILIARY. 


BUFFER_LENgTH 
S I U_XMt 
T _BUFFER 
(BUFFER_LENGTH) 
S I U-flEey 
_BUFFER 
( BUFFER_LENgTH) 


FRI'fR_BUFFER(3) 
BYTE. 


'60'. 
PUBLIC 
PUBLIC. 


SIU_RECV: 
PROCEDURE 
(LENOTH) 
EXTER~I 


DECLARE 
LENGTH 
BYTE, 
END 
SIU_RECV, 


OPEN: 
PROCEDURE 
PUBLIC 
USING 
21 


USER_STATE-OPEN_S; 
END 
OPEN, 


CLOSE: 
PROCEDURE 
PUBLIC 
USIP~ 
21 


APt-O, 
USER_STATE-CLOSED_S, 


END 
CLOSE, 


USER_STATE-CLOSED_S, 
STATION 
STIiITE-OISCQNNECT 
Eh 
T8S-. 
SIU_XI'1IT_BUFFER(O),- 
RBS-. 
SIU_RECV_BUFFER(O)J 


RBl-BUFFER 
LENGTH) 


RBE-ll 
- 
/. 
En.bl. 
th. 
SIU's 
r.c.iv.,. _/ 
."'IT 
_BUFFER_EMPTY-l, 


END 
POWER_ON_DI 


DECLARE 
1"1 
T _BUFFER_LENGTH 


I 
STATUS 


BYTE. 
BYTE 
BYTE 


IF 
VSER_STATE-eLOSED_S 


THEN 
STATlJS-VSER_STATE_CLOSED, 


ELSE IF 
STATIDN_9TATE-OISCONtECT_5 
THEN 
STATUS-LINK_DISCONNECTED; 


ELSE 
IF 
XMI T_BUFFER_LENQTH>BUFFER_LENQTH 
THEN 
STATUS-OVERFLOW; 


ELSE 
DO; 


inter 


3~ 
3 
36 
3 
37 
3 


38 
3 
39 
3 
40 
3 
41 
2 
42 
1 


43 
2 


44 
2 


4~ 
2 
46 
2 
47 
2 
48 
3 
49 
3 
~o 
2 


~I 


~2 
2 


~3 
2 
~4 
2 
~~ 
2 


~7 
3 
~8 
3 
~9 
3 
60 
2 


62 
3 
63 
3 
64 
3 
6~ 
2 


66 


67 
2 


68 
2 


69 
2 


70 
2 
71 
2 
72 
2 


73 
2 
74 
3 
7~ 
3 


Xl'll T _BUF'FER_E"TV-Ol 
TBL-XMIT 
_BUFFER_LENGTH. 
I_FRAf"IE_LENOTH-X,",IT_BUFFER_LENQTHI 
/. 
Stare 
length 
in 
ca.e 
.t.tion 
is 
re •• t 
b~ 
FRt1R. 
SNRH .tc. *' 


TBF-l1 
5T AlUa-OAT 
A_ TRANSI'U 
TlED' 


ENOl 


RETURN 
STATUS, 
END 
TRANSI1ITI 


XI"I11 _VNNUt18ERED: 
PROCEDURE 
(CONTROL_BYTE) 
; 


DECLARE 
CONTROL_BYTE 
BYTE; 


TCB-<:ONTROL_BYTEI 
T8F-I, 
RlS-ll 
DO 
WHILE 
NOT 
aI, 


END' 
SI-O, 


END 
Xf1IT _UNNlJf1BEREDl 


SNRf1_RESPONSE: 
PAOCEDURE 


STATION_STATE-I_T_SI 
NSNR-Ol 
IF 
(RCa 
AND 
lOH) 
<> 
0 
/* 
R•• pond 
11 
polled 
*/ 


THEN 
DOl 
TBL-O, 
CALL 
Xt1IT_UNNUHBERED(UA), 


END, 
IF 
XI"JIT_BUFFER_EP'1PTY-O 
/* 
If 
an 
I 
'ra.e 
w•• 
hft 
pending 
h'.ns",hsion 
then 
.,.•• tore 
it *' 
THEN 
001 
TBL-I_FRN1E_LENQTHI 
TBF-l, 


END' 


T8S-, 
FRP1RJlUFFER 
(0) I 
TBL-31 
FRf'tR_BUFFER 
(O)-Rea, 
'* Swap 
nibbles 
in 
NSNR */ 
FRI'1R_BUFFER(l)·(SHl«NSNR 
AND OEH), 4> 
OR 
SHR«NSNR 
AND OEOH),4)1 


DO CASE 
REASONI 


FRI'1R_BVFFER(2)-OlHl 
/* 
UNASSIONED_C 
*/ 


76 
3 
77 
3 
78 
3 
79 
3 


80 
2 


81 
2 


83 
3 
84 
3 
8' 
4 
86 
4 
87 
3 
88 
3 
89 
1 


90 
2 


91 
2 


93 
2 


9' 
3 
96 
3 
97 
3 
98 
I 


99 
2 


100 
2 


102 
3 
103 
3 
104 
3 


10' 
2 


107 
3 


108 
3 
109 
3 


III 
4 
112 
4 
113 
4 
114 
3 


I" 
3 
116 
3 


118 
119 


FRf1R_BUFFER 
(:2 ) -02Hi 


FRf1R_BUFFER 
(:2) -04HJ 


FR ••••_BVFFER 
(:2) -OSH. 


ENDI 


/* 
NO_I_FIELD_ALLOWED 
*' 
'* 
BUFF_OVERRUN 
*' 
/* 
SES_ERR *' 


IF 
(Rei 
AND 
lOH) 
<>0 


THEN 
DO. 


TIF-lJ 
RTB-I. 
DO 
WHILE 
NOT 
SI; 


END, 
SI-Ol 


END; 


IN_DISCONNECT_sr"'TE: 
PROCEDURE 
J '* 
C.lhd 
f1T'OM SlU_INT 
procedul"e 
., 


IF 
«USEA_STATE-oPEN_S) 
AND 
«ReD 
AND OEFH)-SNRH» 


THEN 
CALL 
SNRI'1_RESPONSE, 


ELSE 
IF 
(ReS 
AND 
10f"'0 <> 0 


THEN 
DOl 


TIL-OJ 
C"'LL 
Xf'lIT_UNNUIJ'1BERED(DH); 
END, 


END 
IN_DISCONNECT_STATE; 


IF 
(Rea 
AND OEFH)-SNRf1 
THEN 
DOl 


CALL 
SHAM_RESPONSEl 


T8S-. 
SIU_XI'1IT_DUFFER(Olj 
1* R.sto" •. tT'.ns/ftit 
buffe'" 
start 
addr 
••• 
*/ 


END; 


ELSE 
IF 
(ReS 
AND OEFH)-OISC 
THEN 
DOl 


STATION 
STATE-DISCONNECT 
_51 


T8S-. 
SIU_XHIT_BUFFER(O)1 
Ie 
R.stDTe 
transmit 
buffe" 
.tart 
.dd.,. •••. 
*/ 


IF 
(ReO 
AND 
lOH)<> 
0 


THEN 00; 


TBL-O, 
CALL 
X"'IT 
_UNNlJt1DEREO 
WA); 


END; 


ELSE 
DO; 
/* 
R.ceivl! 
control 
bwt. 
is 
something 
other 
than 
DISC 
or 
SNRM */ 


IF 
<RCD 
AND 
lOH) 
<> 
0 
THEN 
DO; 


TBF-l; 
RTS-l, 


inter 


120 
• 
121 
• 
122 
4 
123 
3 


124 


12. 
2 


126 
2 


129 
2 


130 
3 
131 
3 


133 
4 
134 
4 
13. 
4 
136 
3 


.37 
2 


139 
3 


141 


143 
• 
144 
• 
14. 
• 
146 
• 
147 
• 
149 
• 
149 
• 
\50 
• 
'51 
• 


152 
4 


154 
• 
15. 
• 
156 
• 
157 
4 
159 
3 
159 
3 


160 
2 


162 
3 
163 
3 


16' 
3 


DO 
WHILE 
NOT 
911 


END, 
END; 


IF 
<RCI 
AND OEFH)-SNRt1 
THEN 
C"l.L 
SHAM_RESPONSE; 


ELSE 
IF 
(RCI 
AND 
OEFH)-OISC 


THEN 
DO, 


STAT 
ION_BTATE-DISCONNECT 
_51 
IF 
CRCI 
AND 
10 •.U<>O 
THEN 
DOl 


TIL-OJ 
CALL 
XMIT_UNNUrtBEREDCUA); 


END, 


ELSE 
IF 
{ReS 
AND OEFH)-TEST 
THEN 
001 
IF 
(Rea 
AND 10HDO 
/* R•• pond 
H 
polhd 
*' 


THEN 
DO, 
/* 
FOR 8OV-1. 
SEND 
THE 
TEST 
RESPONSE 
WITHOUT 
AN 
I 
FIELD 
*/ 


IF 
(BoV-l) 
THEN 
DOl 


TBL-OJ 
CALL 
XI'1JT _UNNVI'1BEREOCTEST 
OR 
10H). 


END; 


ELSE 
DO, '* 
I' 
no 80V, 
•• nd 
"t'c.iv"d 
I 
'1.1d 
bac k 
to 
Pl"l"'.l"'" 
*/ 


TBL-RFLJ 
TOS-RBS; 
CH-L 
nUT 
VNNVf1BEREDCTEST 
OR 
10H). 


TIS-. 
SJU_iI'1IT_BUFFERCO)J 
/* 
R•• tor. 
T8S 
., 


END, 


IF 
Xt1IT 
BUFFER 
EI1PTV-O 


THEN 
DOl 
- 
TBL-X_FRAt'IE_LENOTHI 
TBF-l, 


END. 


T.-EN 
DO. 


••••.•• 
1; 
IF 
XI'1IT _BVFFER_Et'lPrV 
• 
1 
THEN 
TBL 
- 
O. 
TBF 
• 
I. 
,. 
S.nd 
an 
AUTO 
Mod. 
r •• pon,. *' 


inter 


166 
3 
167 
3 


168 
2 


169 


170 
2 


171 
2 


172 
2 
173 
2 


17' 
3 


177 , 


17a , 


179 , 


180 , 


lal 
4 
la2 
4 
la3 
3 
la4 
3 


la5 
2 


la7 
3 


la9 
3 


191 
4 
192 
4 
193 
4 
194 
3 


196 
3 


19a 
4 


200 
4 
201 
4 
202 
3 
203 
3 
204 
3 


20' 
3 


206 
3 


20a 
3 


210 
•• 
211 
4 
212 
4 
213 
•• 
214 
.•• 
215 
3 


216 
1 


SI=-O; 
IF 
STATION_STATE<> 
I_T_5 
1* 
f1u.t 
b. 
in 
NON-AUTO 
mod. 
*/ 
THEN 
DOl 


IF 
RBE-O ,* R.cftiv.d 
• 
f".mlft? 
Oiv. 
r •• po-n •• 
*/ 
THEN 
DO. 
DO CASE 
STATION_STATE' 
CALL 
IN_DISCONNECT 
_STATE; 


CALL 
IN_FRMR_STATEI 


ENOl 
RBE""l; 


END; 


IF 
"1'1-0 
THEN 
DO; 


IF 
(RCD 
AND 
OEFH)-OlBC 
THEN 
CALL 
Cc»'1t1AND_DECODEJ 


ELSE 
IF 
USER_STATE-CLOSED_S 
THEN 
DOl 


TBlsO, 
CALL 
XMIT_UNNUMBERED(REG_DISC); 


END; 


ELSE 
IF 
SES-! 
THEN 
CALL 
XMIT_FRMR(SES_ERR); 


ELSE 
1F 
80\1-1 
THEN 
001/* 
DON'T 
SEND 
FRMR 
IF 
A 
TEST 
WAS 
RECEIVED_I 
IF 
<ReS 
AND OEFH)-TEST 
THEN 
CALL 
COMMAND 
DECODE. 


ELSE 
CALL 
XHIT _FRMR (BUFF_OVERRUN); 


ENOl 


ELSE 
CALL 
COI'1t1AND_DECODEI 


RBE-I; 


END; 


ELSE 
DO; 
/. 
MUST 
STILL 
BE 
IN 
AUTO 
MODE 
*/ 


IF 
TBF •••O 


THEN 
XMIT_BUFFER-.Ef"lPTY"'1; 
,* TRANSMITTED 
A 
FRAME 
*1 


IF 
RBE-O 


THEN 
OOi 


RSP-l; 
1* 
RNR 
STATE 
*1 


RBE-!; 
1* 
RE-ENABLE 
RECEIVER 
*1 
CALL 
SIU_RECV<RFLh 


RBP-OJ 
1* 
RR 
STATE 
*1 


ENDi 


END 
SIU_INTJ 


END 
MAINtMOD, 


I"IODULE 
INFORMATION: 
CODE SIZE 
CQNSTiIlNT 
SIZE 


DIRECT 
VARIABLE 
SIZE 
INDIRECT 
VARIABLE 
SIZE 


BIT 
SIZE 
BIT-ADDRESSABLE 
SIZE 
AUXILIARY 
vARIABLE 
SIZE 


I'1.AXlP'M't 
STACK 
SIZE 
REOISTER-BANKeS) 
USED: 
460 
LINES 
READ 


o 
PROORAM 
ERRQR<S) 
END 
.OF 
PL/M-:51 
COMPILATION 


(STAT 
IC+QVERLAYABLE) 
• 
028FH 
6:550 


• 
OOOCH 
00 
3FH+02H 
630+ 
20 
3CH+OOH 
600+ 
00 
01H+00H 
ID+ 
00 
OOH+OOH 
00+ 
00 


- 
0006H 
60 


- 
0017H 
230 
o 
1 2 


tTITLE 
td.bug 
t"_,ht.,, 
•• nll(0) 


u•• "had: 
dal 


$NOl..IST 
DECLARE 
LIT 
TRUE 
FALSE 
FOREVER 
Ese 
LF 
CR 
8S 
BEL 
E""TY 
INUSE 
FULL 
USER_STATE_CLOSED 
LINK_DISCONNECTED 
OVERFLOW 
DATA_TRANSf1I 
TTED 


LITERALLY 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 


BUFFER_LENQTH 
LIT 
SIU_XI1IT 
_BUFFER (BUFFER_LENQTH) 
8 I U_RECV _BUFFER 
(BUFFER_LENCTH) 
FIFO_T<2S6) 
BYTE 
IN_PTR_T 
BYTE 
OUT_PTR_T 
BYTE 
BUFFER_STATUS_T 
BYTE 
FIFO_R(2Sb) 
BYTE 
IN_PTR_R 
BYTE 
OUT_PTR_R 
BYTE 
I!IUFFER_STATUS_R 
BYTE 


'LITERALLY' 
• 
'OFFH'. 
'QOH', 
'WHILE 
1', 


'lBH', 
'OAH', 
'aOH', 
'aSH', 
'a7H', 
'aOH', 
'a1H', 
'02H', 
'DOH', 
'OlH', 
'02H', 
'03H', 


'60', 
BYTE 
EXTERNAL 
BYTE 
EXTERNAL, 


AUXILIARY, 
AUXILIARY, 
AU)(1LIARY. 
AUXILIARY, 
AUULIARY. 
AU)(lLIARY, 
AUXILIARY. 
AUXILIARY, 


LENQTH 
CHAR 
I 
USART_CI1D 
DESTINATION_ADDRESS 
SEND_DATA 
RESULT 
EAR_P1ESSAOE_INDEX 
ERR_f1ESSAgE_PTR 


AU)(lLIARY, 
AUULIARY, 
AU)(1LIARY, 
AU)(1LIARY, 
AUULIARY. 
AU)(1LIARY. 
AUXILIARY. 
AU)(1LIARY, 
AUXILIARY, 


inter 


OYER_RUNte) 
BVTE CONSTtIlNTtLF.CR. 
'Overrun 
ET"T'or 
D.tected',LF,CR,OJ. 


LINK(.) 
BYTE 
CONBTANT(LF,CR, 
'Unabl_ 
to 
o.t 
Onlin.'.LF,CR,OOH). 


DEST_ADDRt.> 
BYTE 
CONSTANTCCR. LF. LF. 
'Ent.,. 
the 
d•• tination 
add.r ••• 
: 
',as. 
BS. 
0), 


SIGN_ONe.) 
BYTE 
CONSTANT<CR. 
LF. 
LF. 


'(\/) 
RUPI-44 
S.condaY'\1 
St.tion', 
CR. 
LF. 


, 
\/', 
CR, 
LF. 
LF. 


, 1 - 
S.1o 
the 
St.tion 
Add" ••• 
•• LF. 
CA. 


'2 
- 
S.t 
the 
D•• tination 
Addr ••• 
·' CR.lF, 


'3 
- 
00 
Online'.CRd 
•.F, 


'4 
- 
00 
Ofl'lin.',CR,LF. 
'S - R.turn 
to 
t."flIlin.l 
"'ode'. 
CR.LF. LF. 


• 
Ent." 
option: 
_', 
RS. 
0), 


X,U1_BUFFER_EMPTY 
BToP _BIT 
ECHO 
WAIT 
ERROR_FLAG 


EXTERNAL. 
/* 
Semaphore 
fiaT' RUPI 
slav 
1"an5",it 
Bu"." 
*1 


ATC 141> 
REO. 
/* 
Terminal 
p.,.a",ate"s 
*/ 


AT(OB4H) 
REO.'* Tim.out 
fIlag *' 
/* E"'''or 
m•••• 
g. Flag *' 


UBART _ST ATva 
BYTE 
AT(0801H) 
AUXILIARY. 
USART_DATA 
BYTE 
AT(OeOOH) 
AUXILIARY. 


T tHER_CONTROL 
BYTE 
AT( 
1003H) 
AUXILIARY. 


TI"ER_O 
BYTE 
AT( 
IOOOH) 
AUXILIARY. 


TU1ER_l 
BYTE 
AT( 
IOOIH) 
AUXILIARY. 


TIHER_2 
BYTE 
AT(IOO2H) 
AUXILIARY; 


inter 


6 
2 
7 
I 


8 
2 
9 
I 


10 
2 


II 
I 


12 
2 
13 
2 
14 
I 


" 
2 
16 
2 
17 
I 


18 
2 


19 
2 


20 
2 


21 
2 


22 
2 


23 
2 


24 
2 


2. 
2 


26 
2 
27 
2 


TRANSMIT: 
PROCEDURE 
(XHIT _BUFFERJ-ENQTH) 
DECLARE 
XHtT 
_BVFFER_LENQTH 
BYTE, 
END 
TRAN5f1ITJ 


TlMER_O_INT: 
PROCEDURE 
INTERRUPT 
1 
USING 
11 


WAIT-O; 
END TIMER_O_INT; 


Sr'tD-:HH, 
ntoO-21HI 
THI-OFFH. 
TCON-40HI 


TIHER_CONTROL-37H, 
/. 
Ini U.li 
z. 
USART'~ 
s\lst@m 
c lockl 
82~4 
*/ 


TII'1ER 0-o4Hl 
TIHER:o-OOH; 
TIHER_CONTROL-77HI 
/. 
IniU.liz. 
rse. 
R,C 
./ 


/. 
O.f'inltion 
for 
dIp 
nlitch 
ti.d 
to 
PI. 
0 
to 
PI. 
b 


Bit R.t. 


300 
on 
on 
on 
1200 
on 
on 
off 
2400 
on 
off 
on 
4800 
on 
off 
off 
9600 
off 
on 
on 
19200 
off 
on 
off 


Stop 
bit 


I 
on 
2 
off 


P.,..it", 
6 


off 
on 
on 
odd 
on 
off 
off 
off 
on 
off 
off 


inter 


2ll 
2 
29 
2 


31 
3 


32 
4 
33 
4 
34 
4 
35 
4 


30 
4 
37 
4 
38 
4 
39 
4 


40 
4 
41 
4 
42 
4 
43 
4 


44 
4 
45 
4 
46 
4 
47 
4 


49 
4 
49 
4 
50 
4 
" 
4 


52 
4 
53 
4 
54 
4 
" 
4 
56 
3 


57 
2 
59 
2 
59 
2 
60 
2 


61 
2 
62 
2 
63 
2 


65 
2 


66 
2 
67 
2 


6B 
2 


TEf1P-Pl 
AND 07Hl '* 
R•• d 
the 
dip 
switch 
to 
deter.in. 
the 
bit 
r.tlt *' 


IF 1E•• >5 
THEN 
TEMP-O; 


DO CASE 
TEMP, 
'* 300 */ 


TIP1ER_I-B3H1 
TIMER 1-2OH. 


ENO, 
- 


TIHER_1-2OHI 
TIP1ER_I-0:JH1 


END' 


TII'1ER_1-60Hl 
TII'1ER_l-02H1 


ENOl 


TU1ER_1-3OHI 
TII1ER_I-OIHI 


ENDJ 


TII'1ER_1-6SHI 
TIMER_I-O. 
END, 


TIt1ER_1-33Hl 
TU1ER_I-0; 
ENO, 
ENOl 


USART_STATUS-Ol 
'* 
Softw.re 
pOIllIt,,-on 
"It •• t 
for 
82511\ 
*/ 


USART _STATUS-OJ 
USART _STATUS-Oj 
USART _STATUS-40HI 


TE"-oAH, 
'* D.t.r.lin. 
the 
p."itV 
end' 
of 
stop 
bit. *' 


TEf1P-TEHP 
OR (PI 
AND 3OH), 
IF 
·STOP BIT-I 


THEN 
TEMP-TEMP 
OR 
OCOHI 
ELSE 
TEHP-TEf'tP 
OR ••OHi 


6<;1 
2 


70 
2 


71 
2 


72 
2 


73 
2 


74 
2 


75 
2 


76 


77 
2 
78 
2 


7<;1 
2 
eo 
2 
'" 
2 


83 
3 
84 
3 
85 
3 
ll6 
3 
87 
3 
BB 
2 


<;10 


<;II 
2 


<;12 
2 


<;13 
2 
<;14 
2 
<;15 
2 


<;17 
3 
'JB 
3 
<;1<;1 
3 
100 
2 


102 
2 


103 


104 
2 


IN_PTR_T. 
OUT_PTR_T. 
IN_PTR_A. 
OUT_PTR_R 
• 
O. 1*lnithliu 
FIFO 
PTA._/ 


BUFFER_STATUS_T. 
BUFFER_STATUS_A- 
EMPTY; 


CALL 
POWER_ON_DJ 


IP-OIH. 
,* USART'. 
AaRd" 
is 
the 
high 
•• t 
pl"ioT'it\l 
*' 
'* Both •• ternal 
interrupts 
are level 
trigg.r.d.' 
'* En.bl. 
USART AaAd". 
51. 
and 
Tl ••• .,. 0 
interrupt 
•• ' 


END 
POltrER_ONI 


"IFO_R_IN: 
PROCEDURE 
(CHAR) 
USINQ 
I; 
DECLARE 
CHAR 
BVTE, 


FIFO_Rt 
IN_PTR_R 
)-CHARI 
IN_PTR_R-INJTR_R+ll 


IF 
BUFFER_STArUS_R-Et1PTY 
THEN 
DO, 
£"'-0; 
BUFFER_SrA 
TUS_A- 
I NUSEI 
EXt-I; 
'* Enabl. 
USART'. 
r.o 
interrupt 
*/ 
EA-I; 


ENDJ 
ELSE 
IF 
«BUFFEA_STATUS_R-INUSE) 
AND 
<IN_PTR_R-OUT_PTR_R» 
THEN 
BUFFER_SrATUS_A-FULL; 


END FIFO_A_IN. 


CHAR-FIFO_R(OUT 
_PTR_R) 
I 


OUT _PTA_R-OUT 
_PTR_R+I. 


IF 
OUTJTRJt-IN_PTR_R 
THEN 
DO, 
EXl-O; 
/* 
Shut 
off 
TaD 
interrupt 
*/ 
BUFFER_ST ••••TUS_R-el1PTY, 
ENDI 


ELSE 
IF 
«8UFFER_STATUS_R-FULL) 
AND 
<OUT_PTR_R-.i!O-IN_PTR_R)) 
THEN 
BUFFER_STATUS_R-INUSEI 


RETURN 
CHAR, 


inter 


10" 
2 


108 
3 


110 
4 
III 
4 
112 
4 


113 
4 
114 
4 
I" 
4 


117 
4 
liB 
3 


119 
2 


120 


121 
2 


122 
2 


123 
3 
124 
4 
12. 
4 
12" 
3 
127 
3 


129 


129 
2 


130 
2 


131 
2 
132 
2 


133 
2 


13' 
2 


137 
2 


139 
3 
140 
3 
141 
3 


143 
3 
144 
I 


IF 
ERROR_FL.AQ 


THEN 
DOl 


IF 
r£SSAOECERR-"IESSAOE_lNDEX)C>O 
,. 
Then 
continue 
to 
send 
the 
••••••• 
*/ 


THEN 
DOl 


USART_DATA 
• 
tESSAQECERR_MESSAOE_INDEX); 


ERR_1'1E6SAQE_I 
NDEX-ERR_KESSAOE_] 
HOE X+ 11 


ENO, 


ELSE 
DO; 
/* 
If' 
••••• 
g. 
is 
don. 
".ut 
ERROR_FLAO 
and 
shut 
0" 
interrupt 
if! 
FIFO 
is 
.",pt~ */ 


ERROR_FLAO-O; 
IF 
BUFFER_STATUS_R 
• 
EMPTY 


THEN 
EXl-OJ 


5IU_RECV: 
PROCEDURE 
(LENgTH) 
PUBLIC 
USINO 
L 


DECLARE 
LENOTH 
BYTE, 
I 
BYTE 


DO 1-0 
TO LENOTH-li 


DO 
WHILE 
BUFFER_STATUS_R-FULLI/* 
Chee 
II 
to 
••• 
H 
hfo 
is 
full 
*' 
ENOl 
CALL 
FIFO_R_INCSIU_RECV_IUFFER 
(I» 
I 


ENO, 


FIFO_T( 
IN_PTR_T 
)-CHAR; 


IN_PTR_T-IN_PTR_T+11 
IF 
CHAR-LF 


THEN 
SEND_OAT 
A-SEND 
_OAT A+ 1; 


IF 
BUFFER_STATUS_T-EI1PTY 


THEN 
BUFFER_STATVS_T-INUSEI 


ELSE 
IF 
(C8VFFER_STATUS_T-INUSE) 
AND 
(IN_PTR_T+20-OUT_PTR_T}) 
THEN 
DO. '* Stop 
,.ec.ption 
u.ing 
CTS 
., 


USART_STATUS. 
VSART_CI"'ID-USART_Ct''ID 
AND NOT(20Hb 


BUFFER _ST ATUS_ T-FULLI 
IF 
SEND_OATA-O 
THEN 
SEND_OATA-!I 
'.If 
the 
buffa,. 
15 
full 
end 
no 
LF 
ne. 
been 
,.aceived 
then 
.end 
det. *' 


intJ 


145 
2 


146 
2 


147 
2 
14. 
2 
149 
2 


151 
3 
152 
3 
153 
3 
154 
3 
US 
3 
156 
2 


ISB 
3 
159 
3 
160 
3 
161 
2 
163 
2 
164 
I 


165 
2 


166 
2 


167 
2 


169 
2 


171 
2 


173 
2 


174 
2 
175 
2 
176 
2 


177 


17. 
2 


179 
2 


180 
2 
,., 
2 


1112 
2 


183 
2 


184 
3 


CHAR-FJFO_T(OUT 
_PTR_n 
I 
OUT _PTR_T-OUT 
_P1R_T+1J 


IF 
OUT_PTR_T-IN_PTR_T 
/* 
Th." 
FIFO_T 
is 
•• ,t~*' 
THEN 
DOJ E.-O, 


BUFFER_ST 
ATUS_ 
T-Et'tPTY 
I 
SEND_DATA-O, 
EA-l, 
END. 


ELSE 
IF 
«8UFFER 
STATUS 
T-FULL) 
AND 
(OUT_PTR_T-eo-JN_PTR_T}) 
TtEN 
DOl- 
- 
VSART _STATUS. 
VSART _CHD-VSART 
_CMD 
OR 
20HJ 


BUFFER 
_5T ATUS_ 
T- lNUSEI 


ENDJ 


IF 
(CHAA-LF 
AND 
SEND 
DATA>O) 
THEN 
SEND...pATA-SEND_OATA-IJ 


RETURN 
CHAR. 
- 


END FIFO_T_OUTI 


IF 
eSTATUS 
AND 
OBH)<>O 
THEN 
ERR_P1E69AOE_PTR-. 
PMITV, 


ELSE 
IF 
(STATUS 
AND 
lOH)<>O 
THEN 
ERR_P1ESSME_PTR-. 
OVER_RUN 
I 
ELSE 
IF 
(STATUS 
AND 20tU<>O 
THEN 
ERR_I'tESSAOE_PTR-. 
FRNtE' 


ERR_f1ESSAOE_INOEX 
• 
0, 


ERRCM_FLAO-l1 
£)(1-11 
/* T",," 
on TI Int.",,,u,t 
*/ 


DECLARE 
P'lESSAOE 
PTR 
WORD 
I'tESSAO£ 
- 
lASED 


oJ 
BYTE 
Ext_STORE 
B J T I 


AUXILIARY. 
HESSAOE1TR 
( 1 ) 
AUXILIARY. 


EXl_STORE-EIl, 
/. 
Shut 
o'f 
•• Vnc 
t".n 
••••it 
int 
• .,.rupt *' 


EX1-0, 
I'tESSAQE_'TIlI-. 
Llf«j 


,JooO, 


DO "'ILE 
UIESSAOE 
C.J) <>0) 
, 


inter 


185 
4 
180 
4 
187 
3 
188 
3 
I•••• 
3 
190 
2 
191 
1 


192 
2 
193 
2 


194 
3 
19' 
3 
196 
2 


197 


198 
2 


199 
3 
200 
3 
201 
2 


202 


203 
2 


204 
2 


20' 
2 


206 
3 
207 
3 


209 
3 


210 
2 
211 
2 


213 
2 


214 


215 
2 
216 
2 


217 
2 


218 
3 
219 
3 
220 
3 


DO WHILE 
(USART_STATUS 
AND OlH)-o, 
'* W.it 
'0,. 
TIRDY 
on 
USAAT *' 


END, 
USAAT _DATA-f1ESSAOEtJ) 
i 


.,)-.,)+1, 


ENO, 
EXI-EXl_STOREI 
/. 
R •• to" ••• 
",n~ 'ty·.ns,.it 
int.1'"upt 
*1 


END LINK_DISCi 


DO WHILE 
HJSART_STATVS 
AND 
OlH) 
- 
O. 


ENO, 
USART .-DATA-CHARi 


DO WHILE 
(USART_STATUS 
~ 
02H) 
• 
01 


ENO, 
RETURN 
USART _DA T Ai 


DO 1-0 TO 15. 
IF 
CHAR-H£X_TABL.E( 
I) 
THEN 
OOTo 
LIJ 


Ll: 
CALL 
COCHEX_TABlEf 
I»)j 


IF 
1-16 
THEN 
QOTO La, 


END 
GET _HEX i 


OVTPUT_I'tESSAOE: 
PROCEDURE 
(I'tES9AOE_PTR) 
USlNO 
~i 


DECLlIlRE 
P1ESBAOE 
PTR 
~D, 


f't£SSAOE- 
BASED 
MESSAOE PlRC 1) 
BYTE 
CONSTANT. 


I 
BYTE 
AUXILIARY' 


DO WHILE 
...e:SSAOE( 
I) 
<> 
0, 
CALL 
CQU£SSAOE< 
I)}l 


1-1+1. 


:-a. r 


221 
3 
END. 


223 
2 


224 
2 


225 
2 


226 
2 


227 
3 


228 
3 


230 
3 


231 
2 


232 
2 


234 
3 


235 
236 


237 
4 


238 
4 


239 
4 


240 
4 


241 
4 


242 
4 


243 
4 


244 
4 


245 


246 


247 
4 


248 
4 


249 
4 


DECLARE 
I 
BYTE 
CHAR 
BYTE 
STATION_ADDRESS 
BYTE 


IttUXILIARY. 
AUXILIARY. 
AUXILIARY, 


DO 1-0 
TO 41 


IF 
CHAR-MENU_CHAR( 
I) 
THEN 
OCTO 
"1 
J 


HI; 
CALL 
COO1ENU_CHAR 
(I) 
li 


IF t-S 
THEN 
goTo 
P'tOI 


STAT I DN_AODRESS-SHL 
COET _.-EX. 
4) 
J 


STATION_ADDRESS-CSTATIO',,-ADDRESS 
OR 
gET_HEX») 


5T AD-STAT 
ION_ADDRESS; 


CALL 
OUTPUT _MESSAOE (. 8_ADDR_ACK) 
; 


CALL 
COUfEX_TABlE 
(SHR (STATlONJlODRESS. 
4»), 


CALL 
CQ(HEX_TABLE(OFH 
AND 
STATION_ADDRESS»' 


CALL 
OUTPUT-,,'ESSAOEL 
ADDR_ACK_FINli 


ENOl 


DESTINATION_ADDRESS"'C 
DESTINATION_ADDRESS 
OR 
gET _HEX 
) I 


CALL 
OUTPUT_HESSAOEL 
O_ADDR_ACK); 


254 
4 
255 
4 
256 
4 
257 
4 


258 
4 
259 
4 
260 
4 
261 
4 


262 
3 


263 
3 


264 


265 
2 


266 
2 


267 
2 
268 
2 
26" 
2 


271 
2 


273 
3 
274 
3 
275 
3 


277 
3 


278 


279 


280 
2 
281 
2 


283 
4 


284 
4 
285 
3 
286 
3 
287 
4 


CALL 
OUTPUT_f'lESSAOE(. 
FIN). 


CALL 
CLOSE. 


ENDi 


CHAR-USART _DATAl 
STATUS-USART 
STATUS 
AND 38H. 


IF 
STATUS<>O- 
THEN 
CALL 
ERRORCSTATUS), 


ELSE 
IF 
CHAR-ESe 
THEN 
CALL 
MENU. 


ELSE 
001 
CALL 
FIFO 
T 
IN(CHAR); 


IF 
ECHO-O- 
- 
THEN 
CALL 
COCCHAR), 


00 
FOREVER, 


IF 
SEND_OAT A>O 
THEN 
001 


DO WHILE 
NOT(XMIT_BUFFER_EHPTY)I 
I*W.it 
until 
SIU_XHIT_BUFF.,. 
i~ 
.,.pt'l 
*1 


END. 
LENGTH, 
CHAR -1 i 


SIU_XHIT 
_BUFFER (0) -DESTINATION_ADDRESS, 


00 
WHILE 
«(CHAR<>LF) 
AND 
CLEN~TH<BUFFER_LENOTH) 
AND 
CBUFFER_STATUS_T<>EMPTY». 


inter 


289 
" 


299 
4 


290 
" 
~I 
4 


292 
3 


293 
3 
294 
3 


291> 
4 


297 
4 
298 
4 
299 
4 
300 
• 
301 
• 
302 
4 
303 
4 
304 
• 


301> 
• 
307 
• 
308 
• 
309 
• 
310 
• 
311 
3 


312 
2 


313 
1 


CHAR-FIFO_T_OUT; 
SIU_XI'1IT 
_BUFFER 
<LENOTH) 
-CHAR. 


LENOTH-LENOTH+ 
1i 


END; 


'* 
If 
th. 
lin. 
entered 
.t 
the 
ter.inal 
1. 
IP'•• ter 
than 
DUFFER_LENOTH 
char. 
send 
the 


fiT'st 
BUFFER_LENOn" 
char. 
then 
.end 
the 
r •• t. 
sine. 
the 
SIU 
buffl.,.· 
is 
only 
BUFFER_LENOTH 
b\lt •• 
*1 


1..1: 
1-0. '* Us. 
1 to 
count 
the 
numbe" 
of! un.uce •• flul 


tran.",it. *' 


RESUL1-TRANSI1IT<LENOTH); 
,* Send 
the 
••••• 
g. *' 


IF 
RE9Ut.. T<>DATA_TRANSt1ITTED 
THEN 
001 


/* Wait 
50 ,nee 
for 
link 
to 
conn.ct 
then 
t"'\1 agein 
*/ 


WAIT-1i 
THO-3CH, 
TLO-QAFHI 
TRO-t, 
DO 
WHILE 
WAIT, 


ENOl 
TRO-O; 
1-1+11 
IF 
1)100 
THEN DO, 
1* 
W.tt 
~ 
•• e to 
get 
on 
line 
_h 
• 


•• nd error 
•••••• 
g. 
to t."",inel 


and 
trIJ 
.gain 
*' 
CALL 
LINK_DISC. 


OOTo 
Lt; 


ENO, 


I10DULE 
JNFORKATION' 


CODE 
SIZE 
CONSTANT 
SIZE 
DIRECT 
VARIABLE 
SIZE 
INDIRECT 
VARIABLE 
SIZE 


BIT 
SIZE 
BIT-ADDRESSABLE 
SIZE 
AUXILIARY 
VARIABLE 
SIZE 


MAXIf1UI'f 
STACK 
SIZE 


REOISTER-BANK(5) 
USED: 


713 
LINES 
READ 
o 
PROORAI1 
ERROR (S) 
END 
OF 
PL''''-51 
COMPILATION 


(5T AT I C +OVERLA 
VABLE) 
• 
06Bii!H 
17140 


- 
01CFH 
4630 
OOH+O~H 
00+ 
50 
OOH+OOH 
00+ 
00 
Oii!H+OIH 
ii!0+ 
10 
OOH+OOH 
00+ 
00 
- 
Oii!lFH 
5430 


- 
OOii!SH 
400 


o 1 2 


.TITLE 
('RUPI-44 
PT'im.r'tj 
Station') 
.DEBUQ 
.REGISTERBANK(O. 
MAIN.MOD: 
DO. 


DECLARE 
LIT 
TRUE 
FALSE 
FOREVER 


LITERALLY 
LIT 
LIT 
LIT 


DECLARE 
SNRM 


UA 
DISC 
OM 
FRMR 
REG_DISC 
UP 
TEST 
RR 
RNR 


'LITERALLY' 
• 


'OFFH', 
'DOH', 
'WHILE 
1 'i 


'93H'. 
'73H'. 
'53H', 
'IFH'. 
'97H', 
'53H', 
'33H'. 
'OF3H'. 
'11H'. 
'15H', 


1* 
STATION 
STATES 
*1 


DISCONNECT 
S 
LIT 
GO_TO_OIsC- 
LIT 
I_T_5 
LIT 


'DOH', 
1* 
LOGICALL 
V DISCONNECTED 
STATE*I 


'01H', 
'02H', 
1* 
INFORMATION 
TRANSFER 
STATE 
*1 


1* 
PARAMETERS 
PASSED 
TO 
XHIT _I_T 
_5 
*1 


T_I_FRAME 
LIT 
'OOH'. 
T_RR 
LIT 
'OH1'. 


T_RNR 
LIT 
'02H'. 


NUMBER 
OF 
STATIONS 
LIT 
'2'. 


SECONDARY 
-ADDRESSESO.,jUMBER 
OF 
STATIONS) 
- 
BYTE 
- 
CONSTANT 
( 55H, 
43H). 


inter 


2 


9 
2 


• 
2 


10 
2 
11 
2 


12 
2 


13 
3 


1_ 
3 


15 
3 


1" 
3 
17 
3 


19 
3 


1. 
2 


20 
2 


21 
2 
22 
2 


23 
2 


2_ 


25 
2 


2" 
2 


27 
2 


2lI 
2 


RSDCNUf1BER_OF 
_STATIONS) 
STRUCTUftE 
(STATION_ADDRESS 
BYTE. 
STATION_STATE 
BYTE, 
NS 
BYTE. 
NR 
BYTE. 
BUFFER_STATUS 
BYTE. '* The 
"t.tus 
of 
the 
.econcf.,-v 
stations 
bu"." *' 


JNFO_LENOTH 
BYTE. 
DATA(64) 
BYTE) 
AUXILIARY. 


/* 
VARIABLES 
*/ 
BTATION_NUt1BER 
BVTE 
RECV_FJELO_LENOTH 
BYTE 
WAIT 
BIT. 
'* 
BUFFERS 
*/ 
SIU_Xt"lIT_BUFFERCb4) 
BYTE 
SIV_RECV_BUFFERCb4' 
BYTEl 


POWER_ON: 
PROCEDURE 
I 


DECLARE 
I 
BYTE 


T8S-,SIU_XMIT_BUFFERIO)i 
RBS-. 
SJU_RECV_BUFFERCO); 
RSLaG4J 
/* 
64 
8\1t. 
receive 
ltuffer 
*' 


A8E-li 
/* Enable 
the 
BIU'. 
receiv.", *' 


RSOC I). 
STATION_ADDRESS-SECONDARY 
_ADDRESSESC 
I) 
i 
RSDC I >. STAT I ON_STATE-DI 
SCONNECT 
_61 


RSOe t). 
DUFFER_STATUS-8UFFER_NOT 
_READY; 


RSDC I). 
INFO_LENCTH-Oi 


st10-,4HI 
/* 
UsinSi 
DPLL. 
NRZIt 
PFB, 
TIMER 
1. 
• 
62.' 
Kb,. *' 
nmO-21H, 
THI-oFFHI 
TCON-4OHI 
/_ 
u•• 
t1", ••. 
0 
fo •. 1".ceive 
t1 ••• 
out 
1fttel"l"u,t 
_/ 


IE-Q2H. 


END 
POWER_ON; 


."'IT: 
PROCEDURE 
(CONTROL_BYTE) 
j 


DECLARE 
CONTROL_BYTE 
BYTE; 


TC8-<:ONTROL 
BYTE. 


T8F-1; 
- 


29 
2 
30 
3 


31 
3 


32 
2 


33 


34 
35 
36 


37 
2 


38 
2 


39 
3 


40 
3 
41 
3 
42 
3 
43 
3 
44 
4 
•• 
4 


47 
4 
48 
3 


49 
2 


50 


51 


52 


53 
2 


54 
2 
OS 
2 
56 
2 


57 
3 
59 
3 
60 
3 
61 
3 
62 
2 


63 


64 


65 
2 


RTS-t. 
DO 
WHILE 
NOT 
SI; 
END; 
51=0; 


TIMER_O_lt.lT 
PROCEDURE 
INTERRUPT 
1 
USING 
1, 


WAIT=Q; 


END TIMER_O_INT; 


TIME_OUT: 
PROCEDURE 
BYTE; 
1* 
Tlm~_out 
T'pturns 
trup 
l~ 
thl!'''p 
wasn't 


a 
frame 
rec.Plved 
within 
200 
m~ec. 


If 
there 
was 
a 
frame 
received 
within 


200 
msec 
thpn 
time_out 
returns 
1'als •. 
*1 


WAIT"'!; 
THO=3CHi 
TLO=OAFH. 
TRO""l; 
DO 
WHILE 
WAIT 
• 


IF 
51=1 


THEN GOTD T_0 I; 


TBL::O; 


CALL 
XMIT<DISC); 
IF 
TlME_OUT""FALSE 


THEN 
IF 
RCB::::UA 
OR 
RCB=DM 
THEN 
DO; 


RSD(STATION_NUMBER) 
BUFFER 
STATUS=BUFFER 
NOT READY. 


RSOl STATION 
NUMBER). 
STAT ION_STATE=DISCONNECT 
:'=5; 
END; 
- 


.9 
3 
70 
3 


71 
3 
72 
3 


73 
2 


al 
2 


a3 
3 
a4 
3 
a5 
3 


a. 
2 


aa 
2 


a9 


90 
2 


91 
2 


92 
2 


93 
2 


95 
3 


97 
9a 


CALL 
XMIT<SNRHli 


IF 
(TIME 
OUT-FALSE) 
AND 
(RCD-VA) 
- 
THEN 
DO; 
ASDI STATION_NUMBER). 
STAT ION_STATE-I_T 
_51 
RSOCSTATION 
NUH3ER). 
NS"'Oi 


RSD(STATION)~UI'1BERL 
NR=Oi 


END. 


IF 
<RSOCSTATION_NUMBERL 
NR-CSHR(RCB. 
1) 
AND 
07H» 


THEN 
RETURN 
TRUE. 


ELSE 
RETURN 
FALSE, 


/* 
Check 
the 
NT' field 
of 
the 
received 
'1'."' •. 
If 
NsCP)+l-NrCS> 
thl'n 
the 
Fr.".. 
h •• 
b •• n .cknollliedgl'd. 
«lse 
if 
Ns(P)-NrCS) 
then 
the 
fT·••••• 
he. 
not 
b •• n 
ecknowl.dged. 
el •• 
"'.s.t 
the 
.econderV 
*/ 


IF 
«(RSD(STATION_NUMBERl.NS 
+ 
1) 
AND 
07Hl 
.• 
SHRCRCn,5» 
THEN 
DO; 


RSD(STATION_NUMBER). 
NS- « 
Rsoe STATION_NUMBER). 
NS+!) 
AND 07H); 


RSOe STATION_NUMBER). 
INFO_LENGTHaO; 


END. 


ELSE 
IF 
(RSDCSTATJON 
NUMBER L NS <> 
SHR(RC3. 
5» 


THEN 
RETURN 
FALSE; 


1* 
If 
en 
RNR w•• 
received 
buf'fer_.t.tu~ 
111111 be 
ch.nged 
in 
the 
.up.rvisorlJ 
fr.lRe 
decode 
section 
futher 
dOllln 
in 
this 
procedure. 
itnlJ 
other 
"espon.e 
m•• n. 
the 
r.mote 
st.tions 
buffe" 
is 
r •• d", 
*1 


IF 
<RCD 
"NO 
01H)-O 
THEN DDi 
1* 
I 
Fr.me 
Received' 
*/ 
IF 
(CHECit._NS-TRUE 
At,jO BOV-O 
AI,jO CHECit._NR-TRUEI 
THEN DOi 


RSO(STATlON_NUMBERI. 
NR=C (RSOCSTATION_NUMBERI. 
NR+1) 
AND 
07H); 


RDP-t 
i 


101 
3 


102 
3 
103 
2 


107 


109 


110 
3 


III 
3 


113 
4 
114 
4 
115 
4 
116 
3 
117 
3 


118 
2 


119 


120 
2 


121 
2 


122 


124 
125 
126 


127 
3 
128 
3 
129 
3 
130 
3 


132 
3 


133 
3 
134 
3 


136 
3 


ELSE 
RSO(STATION_NUMBER) 
STATION_STATE=QO_TO_OISC. 


END; 
ELSE 
IF 
(RCD AND 03H)z:OlH 
THEN 00; 
/* 
Supervi50r\l 
fr.me 
rltceived 
*/ 


IF 
CHECK_NR=FALSE 
THEN 
RSOI STATION_NUMBER). 
STATION_STATE-QO_TO_DISCI 


/* 
Unnumbered 
fr.me 
or 
unknown 
f'r.mlt 
rltceived 
*/ 


IF 
RCB-FRMR 
THEN DO. 
/* 
If 
FRMR w •• 
received 
check 
Nr 
for 
OlIn 
.cknow1edged 
I 
fr.me 
*/ 


RCD"'SIU_RECV _DUFFER ( 1) I 
I=CHECK_NR; 


ENOl 


RSOI STATION_NUMBER l. STATION_STATE-GO_TO_OISC. 


END. 


IF 
TEMP"T 
I 
FRAME 


THEI-.l 00;- 
/* 
Tr.nsmi 
t 
I 
fr.me 
*/ 
1* 
Tr.n5fer 
thlt 
st.tion 
buff-Itr 
into 
intern.l 
r.m 
*1 


00 
TEMP-O 
TO RSO(STATION_NUMDER), 
INFO_LENGTH-1. 


SIU_XMIT 
_BUFFER I TEMP)sRSO(STATIDN_NUMElER), 
DATA <TEMP). 


END. 


TEI1P"(SHL<RSD(STATION 
NUMBER), NR. 5) 
OR SHURSD(STATION_NUI1BER), 
NS. 1) 
OR 10H). 


TBLERSO{STATION_NUMBER), 
INFO_LENGTH. 
CALL 
XMIT <TEMP) j 


IF 
TIME_OUT:oFALSE 
THEN CALL 
RECEIVE; 


ELSE 
DO. 
1* 
TrOlinsmi t 
RR or 
RNA*I 


IF 
TEMP=T 
RR 
THEN TEMP=RRJ 


ELSE 
TEMP••RNRI 


137 
3 
138 
3 
139 
3 
140 
3 


142 
3 
143 
I 


144 
2 


14> 


146 
3 
147 
3 


149 
3 


150 
2 


152 
3 
153 
3 
154 
3 
155 
2 


157 
3 
158 
4 
159 
4 
160 
4 
161 
3 
162 
3 


163 


164 


16S 
2 


166 
3 
167 
3 
168 
3 


170 
3 


172 
3 


174 
3 


176 
3 


177 
3 


TEMP-(SHL(RSOISTATtON_NVt1BERL 
HR. 5> 
OR TEMP); 


Tal-O; 
CALL 
XMIT<TEMP), 


IF 
TIME_OUT-FALSE 
THEN 
CALL 
RECEIVE; 


DO 
1""0 
TO NUMBER_OF _STATIONS-I. 


IF 
RSOe I >. STATlON_ADDRESS-SIU_RECV_BUFFER(OI 


THEN 
QOTD 
Tl; 


THEN 
DO. 


RBP"'O; 
RETURN. 
END; 


ELSE 
IF 
RSO( 
I >. INFO_LENGTH-O 


THEN 
00; ~a[\~:~' 
~6F~E~~:~i~~~~~~N~~~~D_LENGTH; 


RSO( 
I l. 
DATA( ,)-1 
)"'SIU_RECV 
_BUFFER 
hI) 
j 


END. 
RBP"'O. 


END; 


BEGIN' 


CALL 
POWER_ON; 


DO 
FOREVER, 


DO STATION 
NUMBER-O 
TO NUMBER OF STATIONS-I. 


STAD-RSO(STATION 
NUMBER>. 
STATION 
ADDRESS; 
IF 
RSO(STATION_NUMSER>. 
STATION_STATE 
- 
DISCONNECT_S 


THEN 
CALL 
SEND_SNRH; 


ELSE 
IF 
RSOCSTATION_NUMBER I 
STATION_STATE"" 
GO_TO_DISC 


THEN 
CALL 
SEND_DISC; 


ELSE 
IF 
«RSO(STATION_NUHBER). 
INFO_LENGTH}O) 
AND 
(RSD(STATION_NUMBER). 
BUFFER_STATUS-BUFFER_READY) 
I 
THEN 
CALL 
XMIT_I_T_S(T_I_FRAME); 


ELSE 
IF 
RBP-O 
THEN 
CALL 
XMIT_I_T_SlT_RR); 


ELSE 
CALL 
XMIT_I_T_S<T_RNRI; 


MODULE 
HIFORMATION~ 


CODE 
SIZE 
CONSTANT 
SIZE 
DIRECT 
VARIABLE 
SIZE 


INDIRECT 
VARIABLE 
SIZE 


BIT 
SIZE 
BIT-ADDRESSABLE 
SIZE 
AUXILIARY 
VARIABLE 
SIZE 


MAXIMUM 
STACK. 
SI ZE 
REGISTER-BANK(S) 
USED: 


4~6 
LINES 
READ 
o 
PROGRAM 
ERROR(S) 
END 
OF 
PL/M-'1 
COMP ILATION 


(STATIC+OVERLAYABLE) 
•• 
O~3DH 
13410 


= 0002H 
2D 
40H+02H 
640+ 
20 
40H+OOH 
640+ 
00 
0IH+OOH 
10+ 
00 
OOH+OOH 
00+ 
00 


'"" 0093H 
147D 


"" 0019H 
250 
o 
1 
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HIGH PERFORMANCE 8-BIT MICROCONTROLLER 
WITH ON-CHIP SERIAL COMMUNICATION 
CONTROLLER 


• 
8044AH - 
CPUlSIU with Factory Mask Programmable 
ROM 
• 
8344AH - 
An 8044AH used with External Program Memory 
• 
8744H - 
An 8044AH with User Programmable/Erasable 
EPROM 


8051 MICROCONTROLLER CORE 


• 
Optimized for Real Time Control 
12 MHz Clock, Priority 
Interrupts, 


32 Programmable 
I/O lines, 
Two 16-bit Timer/Counters 


• 
Boolean Processor 


SERIAL INTERFACE UNIT (SIU) 


• 
Serial Communication 
Processor that 
Operates Concurrently 
to CPU 


• 
2.4 Mbps Maximum Data Rate 


• 
375 Kbps using On-Chip Phase 
Locked Loop 


• 
Communication 
Software in Silicon: 


- 
Complete Datil Link Functions 
- 
Automatic 
Station Responses 


• 
Operates as an SDLC Primary or 
Secondary Station 


• 
4K x 8 ROM, 192 x 8 RAM 


• 
64K Accessible 
External Program 
Memory 


• 
64K Accessible 
External Data Memory 


• 
4 /-IsMultiply and Divide 


The RUPI·44 
family 
integrates 
a high performance 
8-bit Microcontroller, 
the Intel 8051 Core, with an 
intelligenUhigh 
performance 
HDLC/SDLC 
serial communication 
controller, 
called 
the Serial 
Interface 
Unit (SIU). See Figure 1. This dual architecture 
allows complex 
control and high speed data communica- 
tion functions 
to be realized 
cost effectively. 


Specifically, 
the 6044's 
Microcontroller 
features: 
4K byte On-Chip 
program 
memory 
space; 321/0 
lines; 
two 16·bit timer/event 
counters; 
a 5-source; 
2-level 
interrupt 
structure; 
a full duplex 
serial channel; 
a 


Boolean 
processor; 
and on-chip 
oscillator 
and clock 
circuitry. 
Standard 
TTL and most byte-oriented 
MCS-80 
and MCS-85 
peripherals 
can be used for I/O and memory 
expansion. 


The Serial 
Interface 
Unit (SIU) manages 
the interface 
to a high speed serial link. The SIU offloads 
the 
On-Chip 
8051 Microcontroller 
of communication 
tasks, thereby 
freeing 
the CPU to concentrate 
on real 
time control 
tasks. 


The RUPI-44 family consists of the 8044,8744, 
and 8344. All three devices are identical except in respect 
of on-chip 
program 
memory. 
The 8044 contains 
4K bytes of mask-programmable 
ROM. User program- 
mable 
EPROM 
replaces 
ROM in the 8744. The 8344 addresses 
all program 
memory 
externally. 


The RUPI-44 
devices 
are fabricated 
with Intel's 
reliable 
+5 volt, silicon-gate 
HMOSII 
technology 
and 
packaged 
in a 40-pin 
DIP. 


The 8344 is available 
in two versions: 
C8344H and P8344AH. Referto 
the 8744 data sheet forthe 
C8344H. 


I 


8051 
2-port 
Micro- 
- 
S.I.U. 
controller 
RAM 


Contro 
Lines 
HDLC/ 
SDLC 
port 


inter 


VSS 
Circuit 
ground 
potential. 


VCC 
+ 5V 
power 
supply 
during 
operation 
and 
program 


verification. 


PORT 0 
Port 0 is an 8-bit open drain 
bidirectional 
I/O port. 
It is 


also 
the 
multiplexed 
low· order 
address 
and 
data 
bus 


when 
using 
external 
memory. 
It is used for data output 


during 
program 
verification. 
Port 0 can sink/source 
eight 


LS TIL 
loads. 


PORT 1 
Port 1 is an 8-bit quasi-bidirectional 
I/O port. It is used for 
the 
low-order 
address 
by1e during 
program 
verification. 
Port 1 can sink/source 
four LS TIL 
loads. 


In non·loop 
mode 
two 
of the 
I/O lines 
serve alternate 


functions: 
-RTS 
(P1.6). Request·to-Send 
output. 
A low 
indicates 


that the RUPI-44 is ready to transmit. 
-ern (P1.7) Clear·to·Send 
input. A low indicates 
that a 


receiving 
station 
is ready to receive. 


PORT 2 
Port 2 is an 8-bit quasi-bidirection 
I/O port. It also emits 


the 
high-order 
address 
by1e when 
accessing 
external 


memory. 
It is used 
for 
the 
high-order 
address 
and 
the 


control 
signals 
during 
program 
verification. 
Port 
2 can 


sink/source 
four LS TIL 
loads. 


PORT 3 
Port 
3 
is 
an 
8-bit 
quasi-bidirectional 
I/O 
port. 
It also 


contains 
the 
interrupt, 
timer, 
serial 
port 
and 
RD 
and 


WR 
pins 
that 
are 
used 
by various 
options. 
The 
output 


latch corresponding 
to a secondary 
function 
must be pro- 
grammed 
to a one (1) for that function 
to operate. 
Port 3 


can sink/source 
four LS TIL 
loads. 


In addition 
to I/O, some of the pins also serve alternate 


functions 
as follows: 


-I/O 
RxD (P3.0). In point-te-point 
or multipoint 
configura- 
tions, this pin controls 
the direction 
of pin P3.1. Serves 


as Receive Data input 
in loop and diagnostic 
modes. 
-DATA 
TxD (P3.1) In point-te-point 
or multipoint 
con· 
figurations, 
this pin functions 
as data input/output. 
In 


loop 
mode, 
it serves as transmit 
pin. A '0' written 
to 


this pin enables diagnostic 
mode. 


-INTO 
.(P3.2). Interrupt 
0 input 
or gate control 
input 
for 


counter 
O. 
-INT1 
(P3.3). Interrupt 
1 input 
or gate control 
input 
for 


counter 
1. 
- 
TO(P3.4). Input to counter 
O. 


-SCLK 
T1 (P3.5). In addition 
to I/O, this pin provides 
in- 


Q.l!1 to counter 
1 or serves as SCLK (serial clock) input. 


-WR 
(P3.6). The write 
control 
signal 
latches 
the data 


!;We from Port 0 into the External 
Data Memory. 


-RD 
(P3.7). The 
read control 
signal 
enables 
External 


Data Memory 
to Port O. 


RST 
A high on this pin for two machine cycles while the oscillator 
is running 
resets the device. A small external 
pulldown 
resistor ("'8.2KO) 
from RST to Vss permits power-on 
reset 


when a capacitor 
("'10pf) 
is also connected 
from this pin 


toVee· 


ALEJPROG 
Provides 
Address 
Latch 
Enable output 
used for latching 


the address 
into external 
memory 
during 
normal 
opera- 


tion. 
It is activitated 
every six oscillator 
periods 
except 


during 
an external 
data memory 
access. 
It also receives 


the 
program 
pulse 
input 
for programming 
the 
EPROM 


version. 


PSEN 
The 
Program 
Store 
Enable 
output 
is a control 
signal 


that 
enables 
the external 
Program 
Memory 
to the bus 


during 
external 
fetch 
operations. 
It is activated 
every 


six 
oscillator 
periods, 
except 
during 
external 
data 


memory 
accesses. 
Remains 
high 
during 
i'lternal 
pro- 


gram execution. 


EAlVPP 
When held at a TIL 
high level, the RUPI-44 executes 
in· 


structions 
from 
the internal 
ROM when 
the PC is less 


than 4096. When held at a TIL 
low level, the RUPI-44 fet- 


ches 
all 
instructions 
from 
external 
Program 
Memory. 


The pin also receives the 21V EPROM programming 
sup- 


ply voltage 
on the 8744. 


XTAL 1 
Input 
to the oscillator's 
high 
gain 
amplifier. 
Required 


when a crystal 
is used. Connect 
to VSS when external 


source 
is used on XTAL 2. 


XTAL 2 
Output 
from the oscillator's 
amplifier. 
Input to the inter- 


nal timing'circuitry. 
A crystal 
or external 
source 
can be 


used. 


inter 


'" 
i=}~ 


P' 
0 
vcc 


Pl1( 
, 
). 
j PO.O 
AOO 


Pl.21 
) 
). 
PO' 
AD' 
~:: 
~ 
p,,1 · 


J1 
JPO.2 
A02 
•. 
c 
PHI 
5 
), 
PO.3 
A03 
-'" '" 
PH I 
"J PO .• 
_w 
, 
" 


AD. 
r< 
if,,: 


ATS 
P151 
7 
" 


J PO.5 
A05 
ffi 
P"( 
• 
JJ 
1 PO.' 
Ace 


ASf 
VPO 1 • 
ao •• 
J1 
J PO.1 
A01 


110 
AXo 
P3.0 
10 
11 
J Ei 
'VPP 


13'- 
PIiOG 
DATA 
TXo 
P3.1 ( 
11 


8744 
)0 
~ ALE 


INTO 
P3.21 
" 
,. ;ffijj 


'" 


_ 
CTS 
INT1 
P3.31 
Il 
" 


1P2.7 
A'5 
l~.,,-~ 
'r}' 


TO 
P3.• 1 
27 
J P2.8 
AU 


.- 
DATA 
TXO..- 
SClK 
T1 
P3.5( " 
" 


J P2.5 
AU 
u 
_ 
~ 
::;~~: 
ViA 
P3.al 


" 
'5 
J P2.0 
A" 


r<_'" 
AD 
P3.11 
17 
" 


J P2.3 
A" 
~ 
TO~ 
~ 
~ --.. 
$ 


~ 
SClK n-.. 
a.. 
_ 
0 
>TAl21 '. 


2J 
P2.2 
A'O 


z 
WA~ 
0 
XTAll 
[ '. 


22 
P2.1 
At 
_c 
§ 
AD 4- 
- 
VSS I 
'0 
21 
P2.0 
Aa 


'" 


Figure 2. 
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Functional Description 
General 


The 8044 integrates the powerful 8051 microcontroller 
with an intelligent 
Serial 
Communication 
Controller 


to provide 
a single-chip 
solution 
which will efficiently 


implement 
a distributed 
processing 
or distributed 


control system. The microcontroller 
is a self-sufficient 


unit 
containing 
ROM, 
RAM, 
ALU, 
and 
its 
own 


peripherals. 
The 8044's 
architecture 
and instruction 


set are identical 
to the 8051's. The 8044 replaces 
the 


8051's serial interface with an intelligent 
SDLC/HDLC 
Serial 
Interface 
Unit (SIU). 
64 more 
bytes 
of RAM 


have been added 
to the 8051 RAM array. 
The SIU 


can communicate 
at bit rates up to 2.4 M bps. The 


SIU works 
concurrently 
with the Microcontroller 
so 


that there is no throughput 
loss in either 
unit. Since 


the SIU possesses 
its own intelligence, 
the CPU is 


off-loaded 
from many of the communications 
tasks, 
thus dedicating 
more of its computing 
power to con- 


trolling 
local peripherals 
or some external 
process. 


The Mlcrocontroller 


The 
microcontroller 
is 
a 
stand-alone 
high- 
performance 
single-chip 
computer 
intended 
for 


use in sophisticated 
real-time 
application 
such as 


instrumentation, 
industrial 
control, 
and intelligent 


computer 
peripherals. 


The major 
features 
of the microcontroller 
are: 


• 
8-bit CPU 


• 
on-chip 
oscillator 


• 
4K bytes of ROM 


• 
192 bytes of RAM 


• 
321/0 
lines 


• 
64K address 
space 
for external 
Data Memory 


• 
64K 
address 
space 
for 
external 
Program 


Memory 


• 
two fully 
programmable 
16-bit timer/counters 


• 
a five-source 
interrupt 
structure 
with two priori- 


ty levels 


• 
bit addres.sability 
for Boolean 
processing 


• 
1 /Asec instruction 
cycle 
time 
for 60% 
of the in- 
structions 
2 /Asec instruction 
cycle 
time 
for 


40% of the instructions 


• 
4 /Asec cycle 
time 
for 
8 
by 
8 
bit 
unsigned 


Multiply/Divide 


Internal 
Data Memory 


Functionally 
the Internal 
Data Memory 
is the most 


flexible 
of the 
address 
spaces. 
The 
Internal 
Data 


Memory 
space is subdivided 
into a 256-byte 
Internal 


Data 
RAM 
address 
space 
and a 128-byte 
Special 


Function 
Register 
address space as shown in Figure 


5. 


The Internal 
Data RAM address 
space 
is 0 to 255. 


Four 8-Register 
Banks occupy locations 0 through 31. 


The stack 
can be located 
anywhere 
in the Internal 
Data RAM address 
space. 
In addition, 
128 bit loca- 
tions 
of the 
on-chip 
RAM 
are accessible 
through 
Direct Addressing. 
These bits reside in Internal 
Data 
RAM at byte locations 
32 through 
47. Currently 
loca- 
tions 0 through 
191 of the Internal Data RAM address 
space 
are filled 
with on-chip 
RAM. 


SPECIAL 
FUNCTION 
REGISTERS 
,----"----. 
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248 
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FOH 
E8H 
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{o 
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ING 


Figure 
5. Internal 
Data Memory 
Address 
Space 


The 8044 
has 32 general-purpose 
I/O lines 
which 
are arranged 
into four groups 
of eight 
lines. 
Each 
group 
is called 
a port. 
Hence there 
are four ports; 


Port 0, Port 1, Port 2, and Port 3. Up to five 
lines 


from 
1 and Port 2 are dedicated 
to supporting 
the 
serial 
channel 
when 
the 
SIU is invoked. 
Due to 
the 
nature 
of the 
serial 
port, 
two 
of Port 3's 
I/O 
lines (P3.0 and P3.1) do not have latched 
outputs. 


This 
is true 
whether 
or not the serial 
channel 
is 
used. 


inter 


ARITHMETIC 
OPERATIONS 


Mnemonic 
Description 
Byte Cyc 
ADD 
A,Rn 
Add register to 
Accumulator 
1 
1 
ADD 
A,direct 
Add direct byte to 
Accumulator 
2 
1 
ADD 
A,@Ri 
Add indirect 
RAM to 
Accumulator 
1 
1 
ADD 
A,#data 
Add immediate 
data to 


'Accumulator 
2 
1 
AD DC 
A,Rn 
Add register to 
Accumulator 
with Carry 
1 
1 
AD DC 
A,direct 
Add direct byte to A 
with Carry flag 
2 
1 
ADDC 
A,@Ri 
Add indirect 
RAM to A 
with Carry flag 
1 
1 
ADDG 
A,#data 
Add immediate 
data to 
A with Carry flag 
2 
1 


SUBB 
A,Rn 
Subtract 
register 
from A 
with Borrow 
1 
1 


SUBB 
A,direct 
Subtract 
direct byte 


from A with Borrow 
2 
1 


SUBB 
A,@RI 
Subtract 
indirect 
RAM 
from A with Borrow 
1 
1 


SUBB 
A,#data 
Subtract 
immed data 
from A with Borrow 
2 
1 
INC 
A 
Increment 
Accumulator 
1 
1 
INC 
Rn 
Increment 
register 
1 
1 
INC 
direct 
Increment 
direct byte 
2 
1 


INC 
@Ri 
Increment 
indirect 
RAM 
1 
1 
INC 
DPTR 
Increment 
Data Pointer 
1 
2 
DEC 
A 
Decrement 
Accumulator 
1 
1 
DEC 
Rn 
Decrement 
register 
1 
1 
DEC 
direct 
Decrement 
direct byte 
2 
1 
DEC 
@Ri 
Decrement 
indirect 
RAM 
1 
1 
MUL 
AB 
Multiply 
A & B 
1 
4 
DIV 
AB 
Divide A by B 
1 
4 
DA 
A 
Decimal Adjust 
Accumulator 
1 
1 


LOGICAL 
OPERATIONS 


Mnemonic 
Destination 
Byte Cyc 
ANL 
A,Rn 
AND register to 
Accumulator 
1 
1 
ANL 
A,direct 
AND direct byte to 
Accumulator 
2 
1 
ANL 
A,@Ri 
AND indirect 
RAM to 
Accumulator 
1 
1 


ANL 
A,#data 
AND immediate 
data to 
Accumulator 
2 
1 
ANL 
direct,A 
AND Accumulator 
to 
direct byte 
2 
1 


ANL 
direct,#data 
AND Immediate 
data to 


direct byte 
3 
2 


ORL 
A,Rn 
OR register to 
Accumulator 
1 
1 


ORL 
A,dlrect 
OR direct byte to 
Accumulator 
2 
1 


LOGICAL 
OPERATIONS 
(CONTINUED) 


Mnemonic 
Destination 
Byte Cyc 


ORL 
A,@Ri 
OR indirect 
RAM to 
Accumulator 
ORL 
A,#data 
OR immediate 
data to 


Accumulator 
2 


ORL 
direct,A 
OR Accumulator 
to 
direct byte 
2 


ORL 
direct,#data 
OR immediate 
data to 
direct byte 
3 
2 


XRL 
A,Rn 
Exclusive-OR 
register to 
Accumulator 
XRL 
A,direct 
Exclusive-OR 
direct 
byte to Accumulator 
2 
XRL 
A,@Ri 
Exclusive-OR 
indirect 
RAM toA 


XRL 
A,#data 
Exclusive-OR 
immediate 
data to A 
2 


XRL 
direct,A 
Exclusive-OR 
Accumu- 
lator to direct byte 
2 


XRL 
direct,#data 
Exclusive-OR 
im- 
mediate data to direct 
3 
2 
CLR 
A 
Clear Accumulator 
1 
1 


CPL 
A 
Complement 
Accumulator 
RL 
A 
Rotate Accumulator 
Left 
RLC 
A 
Rotate A Left through 
the Carry flag 


RR 
A 
Rotate Accumulator 
Right 
RRC 
A 
Rotate A Right through 
Carry flag 
SWAP 
A 
Swap nibbles within the 
Accumulator 


DATA TRANSFER 


Mnemonic 
Description 
Byte Cyc 


MOV 
A,Rn 
Move reg ister to 
Accumulator 
MOV 
A,direct 
Move direct byte to 
Accumulator 
2 


MOV 
A,@Ri 
Move indirect 
RAM to 


Accumulator 
MOV 
A,#data 
Mov immediate 
data to 
Accumulator 
2 


MOV 
Rn,A 
Move Accumulator 
to 


register 


MOV 
Rn,direct 
Move direct byte to 
register 
2 
2 


MOV 
Rn,#data 
Move immediate 
data to 


register 
2 


MOV 
direct,A 
Move Accumulator 
to 
direct byte 
2 


MOV 
direct,Rn 
Move register to direct 
byte 
2 
2 


MOV 
direct,direct 
Move direct byte to 
direct 
3 
2 


MOV 
direct,@Ri 
Move indirect 
RAM to 


direct byte 
2 
2 
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Table 1. (Cont.) 


DATA TRANSFER 
(CONTINUED) 
PROGRAM 
AND 
MACHINE 
CONTROL 


Mnemonic 
Description 
Byte Cyc 
Mnemonic 
Description 
Byte Cyc 


MOV 
direct,lIdata 
Move immediate data to 
ACALL 
addr11 
Absolute 
Subroutine 
direct byte 
3 
2 
Call 
2 
2 
MOV 
@Ri,A 
Move Accumulator 
to 
LCALL 
addr16 
Long Subroutine 
Call 
3 
2 
indirect RAM 
RET 
Return from subroutine 
1 
2 
MOV 
@Ri,direct 
Move direct byte to 
RETI 
Return from interrupt 
1 
2 
indirect RAM 
2 
2 
AJMP 
addr11 
Absolute 
Jump 
2 
2 
MOV 
@RI,lIdata 
Move immediate data to 
LJMP 
addr16 
Long Jump 
3 
2 


indirect RAM 
2 
SJMP 
rei 
Short Jump (relative 
MOV 
DPTR,IIdata 16 Load Data Pointer with 
addr) 
2 
2 


a 16-bit constant 
3 
2 
JMP 
@A+DPTR 
Jump indirect 
relative to 


MOVC 
A,@A+DPtR 
Move Code byte relative 
the DPTR 
2 
to DPTRtoA 
2 
JZ 
rei 
Jump if Accumulator 
is 
MOVC 
A,@A+PC 
Move Code byte relative 
Zero 
2 
2 
to PC toA 
2 
JNZ 
rei 
Jump if Accumulator 
is 
MOVX 
A,@Ri 
Move External RAM (8- 
Not Zero 
2 
2 
bit addr) to A 
2 
JC 
rei 
Jump if Carry flag is set 
2 
2 
MOVX 
A,@DPTR 
Move External RAM (16- 
JNC 
rei 
Jump if No Carry flag 
2 
2 
bit addr) to A 
2 
JB 
bit,rel 
Jump if direct Bit set 
3 
2 
MOVX 
@Ri,A 
Move A to External RAM 
JNB 
bit,rel 
Jump if direct Bit Not 
(8-bit addr) 
2 
set 
3 
2 
MOVX 
@DPTR,A 
Move A to External RAM 
JBC 
bit,rel 
Jump if direct Bit is set 


(16-bit addr) 
2 
& Clear bit 
3 
2 
PUSH 
direct 
Push direct byte onto 
CJNE 
A,direct,rel 
Compare 
direct to A & 
stack 
2 
2 
Jump if Not Equal 
3 
2 
POP 
direct 
Pop direct byte from 
CJNE 
A,lIdata,rel 
Comp, immed, to A & 
stack 
2 
2 
Jump if Not Equal 
3 
2 


XCH 
A,Rn 
Exchange register with 
CJNE 
Rn,lIdata,rel 
Comp, immed, to reg & 
Accumulator 
Jump if Not Equal 
3 
2 


XCH 
A,direct 
Exchange direct byte 
CJNE 
@Ri,lIdata,rel 
Comp, immed, to ind, & 
with Accumulator 
2 
Jump if Not Equal 
3 
2 


XCH 
A,@Ri 
Exchange indirect RAM 
DJNZ 
Rn,rel 
Decrement 
register 
& 
with A 
Jump if Not Zero 
2 
2 


XCHD 
A,@Ri 
Exchange low-order 
DJNZ 
direct,rel 
Decrement 
direct & 
Digit ind RAM w A 
Jump if Not Zero 
3 
2 
NOP 
No operation 
1 
1 


BOOLEAN 
VARIABLE 
MANIPULATION 
Notes on data addressing 
modes: 
Mnemonic 
Description 
Byte Cyc 
Rn 
-Working 
register RD-R7 


CLR 
C 
Clear Carry flag 
1 
1 
direct 
-128 
internal 
RAM locations, 
any I/O port, 


CLR 
bit 
Clear direct bit 
2 
1 
control 
or status register 


SETB 
C 
Set Carry flag 
1 
1 


@Ri 
-Indirect 
internal 
RAM location 
addressed 
by 
register RD or R1 


SETB 
bit 
Set direct Bit 
2 
1 
IIdata 
-8-bit 
constant 
included 
in instruction 


CPL 
C 
Complement 
Carry flag 
1 
1 
IIdata16 
-16-bit 
constant 
included 
as bytes 2 & 3 of 


CPL 
bit 
Complement 
direct bit 
2 
1 
instruction 


ANL 
C,bit 
AND direct bit to Carry 
bit 
-128 
software 
flags, any I/O pin, control 
or 


flag 
2 
2 
status bit 


ANL 
C,/bit 
AND complement 
of 
Notes on program 
addressing 
modes: 
direct bit to Carry 
2 
2 
addr16 
-Destination 
address for LCALL & LJMP may 


ORL 
C/bit 
OR direct bit to Carry 
be anywhere 
within the 64-K program 


memory address space 
flag 
2 
2 
Addr11 
--Destination 
address for ACALL & AJMP will be 
ORL 
C,/bit 
OR complement 
of 
within the same 2-K page of program 
direct bit to Carry 
2 
2 
memory as the first byte of the following 


MOV 
C,/blt 
Move direct bit to Carry 
instruction 
flag 
2 
rei 
-SJMP 
and all conditional 
jumps 
include 
an 8- 


MOV 
blt,C 
Move Carry flag to 
bit offset byte, Range is +127-128 bytes relative 


direct bit 
2 
2 
to 
first 
byte 
of 
the 
following 
instruction 


All mnemonics 
copyrighted' 
Intel Corporation 
1979 


inter 


Port 0 and Port 2 also have an alternate dedicated 
function. 
When 
placed 
in 
the 
external 
access 
mode, 
Port 0 and 
Port 2 become 
the 
means 
by 


which 
the 8044 communicates 
with 
external 
pro- 
gram 
memory. 
Port 
0 and 
Port 
2 are 
also 
the 


means by which the 8044 communicates 
with ex- 
ternal 
data 
memory. 
Peripherals 
can be memory 


mapped 
into the address 
space and controlled 
by 


the 8044. 


Timer/Counters 


The 8044 contains 
two 16-bit counters 
which 
can 


be used for measuring 
time 
intervals. 
measuring 


pulse widths, 
counting 
events, 
generating 
precise 


periodic 
interrupt 
requests, 
and clocking 
the serial 


communications. 
Internally 
the Timers are clocked 


at 1/12 of the crystal frequency, 
which is the instruc- 


tion cycle time. Externally 
the counters 
can run up 


to 500 KHz. 


Interrupt System 


External 
events 
and the real-time 
driven 
on-chip 


peripherals 
require 
service 
by 
the 
CPU 
asyn· 


chronous 
to the execution 
of any particular 
sec· 
tion of code. To tie the asynchronous 
activities 
of 


these 
functions 
to normal 
program 
execution, 
a 


sophisticated 
m!Jltiple·source. 
two priority 
level, 
nested 
interrupt 
system 
is 
provided. 
Interrupt 


response 
latency 
ranges 
from 
3 ,",sec to 7 f'sec 


when using a 12 MHz clock. 


All five interrupt 
sources can be mapped into one 


of the two 
priority 
levels. 
Each interrupt 
source 


can be enabled 
or disabled 
individually 
or the en· 


tire interrupt 
system 
can be enabled 
or disabled. 
The five 
interrupt 
sources 
are: Serial 
Interface 


Unit, Timer 1, Timer 2, and two external 
interrupts. 


The external 
interrupts 
can be either level or edge 


triggered. 


Serial Interface Unit (SIU) 


The Serial Interface 
Unit is used for HOLC/SOLC 


communications.. 
It 
handles 
Zero 
Bit 
Inser· 
tion/Oeletion, 
Flags, automatic 
address 
recogni· 


tion, and a 16-bit cyclic 
redundancy 
check. In ad· 


dition 
it implements 
in hardware 
a subset 
of the 


SOLC 
protocol 
such 
that 
it responds 
to 
many 


SDLC frames without 
CPU intervention. 
In certain 


applications 
it is advantageous 
to have the CPU 


control 
the 
reception 
or 
transmission 
of 
every 


single frame. For this reason the SIU has two modes 
of operation: 
"AUTO" 
and "FLEXIBLE" 
(or "NON- 


AUTO"). 
It is in the 
AUTO 
mode 
that 
the 
SIU 


responds to SOLC frames without CPU intervention; 
whereas. 
in the FLEXIBLE 
mode the reception 
or 


transmission 
of every single frame will be under CPU 


control. 


There are three control registers and eight parameter 
registers 
that are used to operate 
the serial 
inter- 


face. These 
registers 
are shown 
in Figure 
5 and 


Figure 
6. The control 
registers 
set the modes 
of 


operation 
and provide status information. 
The eight 


parameter registers buffer the station address. receive 
and transmit control bytes, and point to the on-chip 
transmit 
and receive buffers. 


Data to be received or transmitted 
by the SIU must 


be buffered 
anywhere 
within 
the 192 bytes of on- 


chip 
RAM. Transmit 
and receive 
buffers 
are not 


allowed 
to "wrap 
around" 
in RAM; a "buffer 
end" 


is generated 
after address 
191 is reached. 


In the AUTO mode the SIU implements 
in hard- 


ware a subset 
of the SOLC protocol 
such that it 


responds 
to many SOLC frames 
without 
CPU in· 


tervention. 
All 
AUTO 
mode 
responses 
to 
the 


primary station will conform 
to IBM's SOLC defini- 


tion. The advantages 
of the AUTO mode are that 


less software is required to implement 
a secondary 


station. and the hardware generated response to polls 
is much faster than doing it in software. However, the 
Auto mode can not be used at a primary station. 


To transmit 
in the AUTO mode the CPU must load 


the 
Transmit 
Information 
Buffer, 
Transmit 
Buffer 


Start 
register, 
Transmit 
Buffer 
Length 
register, 


and 
set 
the 
Transmit 
Buffer 
Full 
bit. 
The 
SIU 


automatically 
responds 
to 
a poll 
by transmitting 


an information 
frame with the P/F bit in the con- 


trol 
field 
set. 
When 
the 
SIU 
receives 
a positive 


acknowledgement 
from 
the 
primary 
station, 
it 


automatically 
increments 
the Ns field in the NSNR 


register and interrupts the CPU. A negative acknow- 
ledgement 
would 
cause the SIU to retransmit 
the 


frams. 


To receive in the AUTO mode. the CPU loads the 
Receive 
Buffer 
Start 
register, 
the Receive 
Buffer 


Length 
register, 
clears the Receive 
Buffer 
Protect 


bit, and sets the Receive 
Buffer 
Empty bit. If the 


SIU 
is polled 
in this 
state, 
and 
the 
TBF 
hit 
in- 


dicates 
that 
the 
Transmit 
Buffer 
is 
empty, 
an 


automatic 
RR response will be generated. 
When a 


valid 
information 
frame 
is received 
the 
SIU 
will 


automatically 
increment 
Nr in the 
NSNR 
register 


and interrupt 
the CPU. 


While 
in the AUTO mode the SIU can recognize 


and respond 
to the following 
commands 
without 


CPU 
intervention: 
I (Information), 
RR (Receive 


Ready). RNR (Receive 
Not Ready), REJ (Reject). 


and UP (Unnumbered 
Poll). The SIU can generate 


B REGISTER 
ACCUMULATOR 
·THREE 
BYTE FIFO 


TRANSMIT 
BUFFER START 
TRANSMIT 
BUFFER LENGTH 
TRANSMIT 
CONTROL 
BYTE 


" SIU STATE COUNTER 
SEND COUNT RECEIVE COUNT 
PROGRAM 
STATUS WORD 


"DMA 
COUNT 
STATION ADDRESS 
RECEIVE FIELD LENGTH 
RECEIVE BUFFER START 
RECEIVE BUFFER LENGTH 
RECEIVE CONTROL 
BYTE 
SERIAL MODE 
STATUS REGISTER 
INTERRUPT 
PRIORITY CONTROL 


PORT 3 
INTERRUPT 
ENABLE CONTROL 
PORT 2 
PORT 1 
TIMER HIGH 1 
TIMER HIGH 0 
TIMER LOW 1 
TIMER LOW 0 
TIMER MODE 
TIMER CONTROL 
DATA POINTER HIGH 
DATA POINTER LOW 
STACK POINTER 
PORT 0 


~~.~ 


B 
ACC 
FIFO 
FIFO 
FIFO 
TBS 
TBL 
TCB 
SIUST 
NSNR 
PSW 
DMA CNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 
P3 
IE 
P2 
P1 
THI 
'THO 
Tll 
TLO 
TMOD 
TCON 
DPH 
DPL 
SP 
PO 


247 
lh'OUllh 
240 


231 
t ,rouah 
224 


223 
trough 
216 


215 
throuah 
208 


207 
thro 
h 
200 
191 
1'0 
184 
183 
thro 
176 
175 
tnro 
168 
167 
throu 
160 
151 
thro 
144 


143 
throuah 
136 


135 
throuoh 
128 


240 
(FOH) 


224 
(EOH) 


223 
(DFH) 


222 
(OEH) 
221 
(DOH) 
220 
(DCH) 
219 
(DBH) 
218 
(DAH) 
217 
(D9H) 
216 
(D8H) 


208 
(DOH) 
207 
(CFH) 
206 
(CEH) 


205 
(CDH) 
204 
(CCH) 


203 
(CBH) 
202 
(CAH) 
201 
(C9H) 


200 
tC8H) 
184 
(B8H) 
176 
(BOH) 
168 
(A8H) 
160 
(AOH) 


144 
(90H) 


141 
(8DH) 
140 
(8CH) 
139 
(8BH) 
138 
(8AH) 


137 
(89H) 
136 
(88H) 


131 
t83H) 


130 
(82H) 


129 
(81H) 


128 
(80H) 


NO FRAME CHECK SEQUENCE 
NON·BUFFERED 
PRE·FRAME ~YNC 
LOOP 
NON RETURN TO ZERO INVERTED 
SELECT CLOCK MODE 


RECEIVE BUFFER PROTECT 
AUTO MODE/ADDRESSED 
MODE 


OPTIONAL 
POLLBtT 
RECEIVE INFORMATION 
BUFFER OVERRUN 


SERIAL INTERFACE UNIT INTERRUPT 
REOUEST TO SEND 
RECEIVE BUFFER EMPTY 


TRANSMIT 
BUFFER FULL 


SEQUENCE ERROR RECEIVED 
RECEIVE SE~UENCE 
COUNTER 


SEQUENCE ERROR SEND 
SEND SEQUENCE COUNTER 


the following 
responses without 
CPU interven- 
tion: I (Information), RR(Receive Ready), and RNR 
(Receive Not Ready). 


When the 
Receive Buffer 
Empty bit (RBE) in- 


dicates 
that 
the Receive Buffer is empty, the 


receiver is enabled, and when the RBE bit in- 
dicates that the Receive Buffer is full, the receiver 
is disabled. Assuming that the Receive Buffer is 
empty, the SIU will respond to a poll with an I 
frame if the Transmit Buffer is full. If the Transmit 
Buffer is empty, the SIU will respond to a poll 
with a RR command if the Receive Buffer Protect 
bit (RBP) is cleared, or an RNR command if RBP is 
set. 


In the FLEXIBLE mode all communications are under 
control of the CPU. It is the CPU's task to encode 
and 
decode 
control 
fields, 
manage 


acknowledgements, and adhere to thp.requirements 
of the HOLC/SOLC protocols. The 8044 can be used 
as a primary or a secondary station in this mode. 


To receive a frame in the FLEXIBLE mode, the CPU 
must load the Receive Buffer Start register, the 
Receive Buffer Length register, clear the Receive Buf- 
fer Protect bit, and set the Receive Buffer Empty bit. 
If a valid opening flag is received and the address 
field matches the byte in the Station Address register 
or the address field contains a broadcast address, the 
8044 loads the control field in the receive control byte 
register, and loads the I field in the receive buffer. 
If there is no CRC error, the SIU interrupts the CPU, 
indicating a frame has just been received. If there is 
a CRC error, no interrupt occurs. The Receive Field 
Length register provides the number of bytes that 
were received in the information field. 


To transmit a frame, the CPU must load the transmit 
information buffer, the Transmit Buffer Start register, 
the Transmit Buffer Length register, the Transmit 
Control Byte, and set the TBF and the RFS bit. The 
SIU, unsolicited 
by an HOLC/SOLC frame, will 


transmit the entire information frame, and interrupt 
the CPU, indicating the completion of transmission. 
For supervisory frames or unnumbered frames, the 
transmit buffer length would be O. 


The FCS register is initially set to all 1's prior to 
calculating the FCS field. The SIU will not interrupt 
the CPU if a CRC error occurs (in both AUTO and 
FLEXIBLE modes). The CRC error is cleared upon 
receiving of an opening flag. 


In addition to the standard SOLC frame format, 
the 8044 will support 
the frames 
displayed 
in 


Figure 7. The standard SOLC frame is shown at 
the top of this figure. For the remaining frames 
the information field will incorporate the control 
or address bytes and the frame check sequences; 
therefore 
these 
fields 
will 
be 
stored 
in 
the 


Transmit and Receive buffers. For example, in the 
non-buffered mode the third byte is treated as the 
beginning 
of the information 
field. 
In the non- 


addressed mode, the information field begins after 
the opening flag. The mode bits to set the frame 
format 
options 
are 
found 
in the 
Serial 
Mode 


register and the Status register. 


To realize an extended control field or an extended 
address field using the HOLC protocol, the FLEXI- 
BLE mode must be used. For an extended control 
field, the SIU is programmed to be in the non-buffered 
mode. The extended control field will be the first and 
second bytes in the Receive and Transmit Buffers. 
For extended addressingthe SIU is placed in the non- 
addressed mode. In this mode the CPU must imple- 
ment the address rF!Cognitionfor receivedframes. The 
addressingfield will be the initial bytes in the Transmit 
and Receive buffers followed by the control field. 


The SIU can transmit and receive only frames which 
are multiples of 8 bits. For frames received with other 
than 8-bit multiples, a CRC error will cause the SIU 
to reject the frame. 


SOLC Loop Networks 
The SIU can be used in a ADLC loop as a secondary 
or primary station. When the SIU is placed in the Loop 
mode it receives the data on pin 10and transmits the 
data one bit time delayed on pin 11. It can also 
recognize the Go ahead signal and change it into a 
flag when it is ready to transmit. As a secondary sta- 
tion the SIU can be used in the AUTO or FLEXIBLE 
modes. As a primary station the FLEXIBLE mode is 
used; however, additional hardware is required for 
generating the Go Ahead bit pattern. In the Loop 
mode the maximum data rate is 1 Mbps clocked or 
375 Kbps self-clocked. 


SOLC Multidrop 
Networks 
The SIU can be used in a SDLC non-loop configura- 
tion as a secondary or primary station. When the SIU 
is placed in the non-loop mode, data is received and 
transmitted on pin 11, and pin 10 drives a tri-state 
buffer. In non-loop mode, modem interface pins, RTS 
and CTS, become available. 


FRAME OPTION 


Standard 
SDlC 
NON·AUTO Modo 


No FCS Flold 
Non·Buffered 
Mode 
NON·AUTO Modo 


No FCS Flold 
Non-Addr ••• ed Mode 
NON·AUTO Modo 


Modo Bit.: 


AM 
- 
"AUTO" 
Modo/Addro,oed 
Modo 
NB 
- 
Non-Bullored 
Modo 
NFCS - 
No FCS Flold Modo 


Key to Abbrevletlonl: 


F = Flog (01111110) 
A = Add •••• 
Flold 


C = Control 
Flold 


FRAME FORMAT 


I 
F 
I A I 
ci 
IFCsl 
F I 


I F I A I 
ci 
IFCsl 
F I 


I F I A I 
IFCsl 
F 


I F 
I Fcsl 
F 
I 


I F I A I 
ci 
F I 


F 
I A I ci 
F I 


I F 
I A I 
F I 


I F 
F I 


Data Clocking Options 


The 8044's 
serial 
port can operate 
in an externally 
clocked or self clocked system. A clocked system pro- 
vides to the 8044 a clock synchronization 
to the data. 


A self-clocked 
system uses the 8044's on-chip 
Digital 


Phase Locked Loop (DPLL) to recover the clock from 
the data, and clock this data into the Serial Receive 
Shift 
Register. 


In this mode, 
a clock 
synchronized 
with the data is 


externally 
fed 
into 
the 
8044. 
This 
clock 
may 
be 


generated 
from an External 
Phase Locked 
Loop, or 


possibly 
supplied 
along with the data. The 8044 can 


transmit 
and receive data in this mode at rates u;J to 


2.4 Mbps. 


This self clocked 
mode allows data transfer 
without 


a common 
system 
data 
clock. 
An on-chip 
Digital 


Phase Locked 
Loop is employed 
to recover the data 


clock which is encoded 
in the data stream. The DPLL 


will converge 
to the nominal 
bit center 
within 
eight 


bit 
transitions, 
worst 
case. 
The 
DPLL 
requires 
a 


reference 
clock 
of either 
16 times 
(16x) or 32 times 
(32x) the data rate. This reference 
clock may be ex- 


ternally 
applied 
or internally 
generated. 
When 
inter- 


nally generated 
either the 8044's 
internal 
logic clock 
(crystal 
frequency 
divided 
by two) 
or the 
timer 
1 


overflow 
is used as the reference 
clock. Using the in- 
ternal timer 1 clock the data reates can vary from 244 
to 62.5 Kbps. Using the internal 
logic clock at a 16x 


sampling 
rate, receive data can either be 187.5 Kbps, 


or 375 Kbps. When the reference 
clock for the DPLL 


is externally 
applied 
the data rates can vary from 0 


to 375 Kbps at a 16x sampling 
rate. 


To aid in a Phase Locked 
Loop capture, 
the SIU has 


a NRZI (Non Return to Zero Inverted) 
data encoding 


and decoding 
option. 
Additionally 
the SIU has a pre- 


frame 
sync option 
that transmits 
two bytes of alter- 


nating 
1's and O's to ensure 
that the receive 
station 


DPLL will be synchronized 
with the data by the time 


it receives 
the opening 
flag. 


Control and Status Registers 


There 
are three SIU Control 
and Status 
Registers: 


Serial 
Mode Register 
(SMD) 


Status/Command 
Register 
(STS) 


Send/Receive 
Count 
Register 
(NSNR) 


The SMD, 
STS, and NSNR 
registers 
are all cleared 
by 
system 
reset. This assures 
that the SIU will power up in 
an idle state 
(neither 
receiving 
nor transmitting). 


These 
registers 
and their 
bit 
assignments 
are 
described below. 


The 
Serial 
Mode 
Register 
(Address 
C9H) 
selects 
the 
operational 
modes of the SIU. The 8044 CPU can both 
read and write SMD. 
The SIU can read SMD 
but can- 
not write 
to it. To prevent 
conflict 
between 
CPU 
and 
SIU 
access 
to SMD, 
the CPU 
should 
write SMD 
only 
when the Request 
To Send 
(RTS) 
and Receive 
Buffer 
Empty 
(RBE) 
bits (in the STS 
register) 
are both false 
(0). 
Normally, 
SMD 
is 
accessed 
only 
during 
initialization. 


The individual 
bits of the Serial 
Mode 
Register 
are as 
follows: 


Bit # 


SMD.O 


SMD.I 


SMD.3 


SMD.4 


SMD.5 


SMD.6 


SMD.7 


Description 


No FCS field in the SDLC 
frame. 


Non-Buffered 
mode. 
No 
control 
field in the SDLC 
frame. 


PFS 
Pre-Frame 
Sync 
mode. 
In 
this 
mode, the 8044 transmits 
two bytes 
before 
the first flag of a frame, 
for 
DPLL 
synchronization. 
If NRZI 
is 
enabled, 
OOH is 
sent; 
otherwise, 
55H 
is sent. 
In either 
case. 
16 pre- 
frame 
transitions 
are guaranteed. 


LOOP 
Loop configuration. 


NRZI 
NRZI 
coding option. 


SCMO 
Select Clock Mode - 
Bit 0 


SCM I Select Clock Mode - 
Bit I 


SCM2 
Select Clock Mode - 
Bit 2 


NFCS 


NB 


SCM 
2 
1 
0 
--- 
000 


001 


010 
o 
I 
I 


100 


Clock Mode 


Externally 
clocked 


Reserved 


Self clocked, 
timer overflow 
Reserved 


Self clocked, 
external 
16x 


Data Rate 
(Bits/see)* 


0-2.4M** 


SCM 
2 
1 
0 
--- 
I 
0 
I 
I 
I 
0 
I 
I 
I 


Clock Mode 


Self clocked, 
external 
32x 


Self clocked. 
internal 
fixed 


Self clocked, 
internal 
fixed 


Data Rate 
(Bits/sec)* 


0-187.5K 


375K 


187.5k 


*Based on a 12 Mhz crystal 
frequency 
**0-1 M bps in loop configuration 


The 
Status/Command 
Register 
(Address 
C8H) 
pro- 
vides operational 
control 
of the SIU 
by the 8044 CPU, 


and enables 
the SIU 
to post status 
information 
for the 
CPU's 
access. The SIU can read STS, and can alter cer- 
tain 
bits, as indicated 
below. The 
CPU 
can both 
read 
and 
write 
STS 
asynchronously. 
However, 
2-cycle 
in- 


structions 
that access STS during 
both cycles ('JBC/B. 


REL' 
and 'MOY 
/B,C.') 
should 
not be used, since the 
SIU may write to STS between 
the two CPU accesses. 


The 
individual 
bits of the Status/Command 
Register 
are as follows: 


Bit # 


STS.O 
Name 
Description 


RBP 
Receive 
Buffer 
Protect. 
Inhibits 


writing 
of data into the receive buff- 
er. In AUTO 
mode, 
RBP forces an 
RNR 
response 
instead 
of an RR. 


AM 
AUTO 
Mode/Addressed 
Mode. Se- 
lects 
AUTO 
mode 
where 
AUTO 
mode 
is allowed. 
If 
NB 
is 
true, 


(= I), 
the 
AM 
bit selects 
the 
ad- 
dressed 
mode. 
AM 
may be cleared 
by the SIU. 


OPB 
Optional 
Poll 
Bit. 
Determines 
whether 
the 
SIU 
will generate 
an 
AUTO 
response 
to an optional 
poll 
(UP with P=O). 
OPB may be set or 
cleared 
by the SIU. 


BOY 
Receive 
Buffer 
Overrun. 
BOY may 
be set or cleared 
by the SIU. 


SI 
SIU Interrupt. 
This is one of the five 
interrupt 
sources 
to the CPU. 
The 
vector 
location 
= 
23H. 
SI may 
be 
set by the SIU. 
It should 
be cleared 
by the CPU 
before 
returning 
from 
an interrupt 
routine. 


RTS 
Request 
To Send. 
Indicates 
that the 
8044 is ready to transmit 
or is trans- 


mitting. 
RTS 
may be read or writ- 
ten by the CPU. 
RTS 
may be read 
by the 
SIU, 
and 
in AUTO 
mode 
may be written 
by the SIU. 


inter 


RBE 
Receive 
Buffer 
Empty. 
RBE can be 
thought 
of as Receive 
Enable. 
RBE 
is set to one by the CPU 
when it is 
ready to receive a frame, 
or has just 
read 
the buffer, 
and to zero by the 
SIU 
when 
a 
frame 
has 
been 
received. 


TBF 
Transmit 
Buffer 
Full. 
Written 
by 


the CPU to indicate 
that it has filled 
the 
transmit 
buffer. 
TBF 
may 
be 
cleared 
by the SIU. 


NSNR: Send/Receive 
Count Register 
(bit- 
addressable) 


Bit: 
7 
6 


NS2 
NSI 


The Send/Receive 
Count 
Register 
(Address 
D8H) 
con- 
tains 
the transmit 
and receive 
sequence 
numbers, 
plus 
tally error indications. 
The SIU can both read and write 


NSNR. 
The 8044 CPU can both read and write NSNR 


asynchronously. 
However, 
2-cycle 
instructions 
that 
ac- 


cess NSNR 
during 
both 
cycles 
('JBC 
/B, 
REL', 
and 


'MOY 
/B,C) 
should 
nilt be used, since the SIU 
may 
write to NSNR 
between 
the two 8044 CPU accesses. 


The individual 
bits of the Send/Receive 
Count 
Register 


are as follows: 


Bit # 
Name 
Description 


NSNR.O 
SER 
Receive Sequence 
Error: 


NS (P) 
'1= NR (S) 


NSNR.l 
NRO 
Receive Sequence 
Counter-Bit 
0 


NSNR.2 
NRI 
Receive Sequence 
Counter-Bit 
1 


NSNR.3 
NR2 
Receive Sequence 
Counter-Bit 
2 


NSNR.4 
SES 
Send Sequence 
Error: 


NR (P) '1= NS (S) and 
NR(P)'I=NS(S)+ 
I 


NSNR.5 
NSO 
Send Sequence 
Counter 
- 
Bit 0 


NSNR.6 
NSI 
Send Sequence 
Counter 
- 
Bit 1 


NSNR.7 
NS2 
Send Sequence 
Counter 
- 
Bit 2 


Parameter 
Registers 


There are eight parameter 
registers 
that are used in con- 


nection 
with SIU operation. 
All eight registers 
may be 


read or written 
by the 8044 CPU. 
RFL 
and RCB 
are 
normally 
loaded by the SIU. 


STAD: Station 
Address 
Register 


(byte-addressable) 


The Station 
Address 
register 
(Address 
CEH) 
contains 


the station 
address. 
To prevent 
access conflict, 
the CPU 


should access STAD only when the SIU is idle (RTS=O 


and RBE=O). 
Normally, 
STAD 
is accessed 
only during 
initialization. 


TBS: Transmit 
Buffer'Start 
Address 
Register 
(byte-addressable) 


The 
Transmit 
Buffer 
Start 
address 
register 
(Address 


DCH) 
points to the location 
in on-chip 
RAM 
for the be- 
ginning of the I-field of the frame to be transmitted. 
The 
CPU should access TBS only when the SIU is not trans- 
mitting 
a frame 
(when TBF=O). 


TBl: 
Transmit 
Buffer 
length 
Register 
(byte-addressable) 


The 
Transmit 
Buffer 
Length 
register 
(Address 
DBH) 
contains 
the length 
(in bytes) 
of the I-field to be trans- 


mitted. 
A blank 
I-field 
(TBL=O) 
is valid. 
The 
CPU 
should 
access 
TBL only when the SIU 
is not transmit- 
ting a frame 
(when TBF=O). 


NOTE: 
The transmit 
and recieve buffers 
are not allowed 
to "wrap 
around" 
in the on-chip 
RAM. 
A "buffer 
end" 


is automatically 
generated 
if address 
191 
(BFH) 
is 
reached. 


TCB: Transmit 
Control 
Byte Register 
(byte-addressable) 


The 
Transmit 
Control 
Byte 
register 
(Address 
DAH) 
contains 
the byte which 
is to be placed 
in the control 
field 
of the 
transmitted 
frame, 
during 
NON-AUTO 
mode transmission. 
The CPU 
should 
access 
TCB 
only 


when 
the 
SIU 
is 
not 
transmitting 
a 
frame 
(when 
TBF=O). 
The Ns and NR counters 
are not used in the 
NON-AUTO 
mode. 


RBS: Receive 
Buffer 
Start Address 
Register 


(byte-addressable) 


The 
Receive 
Buffer 
Start 
address 
register 
(Address 


CCH) 
points to the location 
in on-chip 
RAM 
where the 
beginning 
of the I-field of the frame 
being received 
is to 
be stored. 
The 
CPU 
should 
write 
RBS 
only when 
the 
SIU is not receiving 
a frame 
(when 
RBE=O). 


RBL: Receive 
Buffer 
Length 
Register 
(byte-addressable) 


The 
Receive 
Buffer 
Length 
register 
(Address 
CBH) 
contains 
the 
length 
(in 
bytes) 
of the 
area 
in on-chip 


RAM 
allocated 
for the received 
I-field. 
RBL=O 
is val- 


id. The CPU should write RBL only when RBE=O. 


RFL: Receive 
Field Length 
Register 
(byte-addressable) 


The 
Received 
Field 
Length 
register 
(Address 
CDH) 


contains 
the length (in bytes) of the received 
I -field that 
has just been loaded 
into on-chip 
RAM. 
RFL 
is loaded 
by the SIU. 
RFL=O 
is valid. RFL 
should 
be accesssed 
by the CPU only when RBE=O. 


RCB: Receive 
Control Byte Register 
(byte-addressable) 


The 
Received 
Control 
Byte 
register 
(Address 
CAH) 


contains 
the control 
field of the frame that has just been 


received. 
RCB is loaded by the SIU. The CPU can only 


read RCB, and should only access RCB when RBE=O. 


The 8044 In-Circuit 
Emulator 
(ICE-44) 
allows the user 


to exercise 
the 8044 application 
system and monitor 
the 


execution 
of instructions 
in real time. 


The 
emulator 
operates 
with 
Intel's 
Intellec8 
develop- 


ment 
system. 
The development 
system 
interfaces 
with 


the user's 
8044 system 
through 
an in-cable 
buffer 
box. 


The 
cable 
terminates 
in a 8044 
pin-compatible 
plug, 
which fits into the 8044 socket in the user's system. 
With 


the emulator 
plug in place, the user can excercise 
his sys- 
tem in real time while collecting 
up to 255 instruction 
cycles of real-time 
data. 
In addition, 
he can single-step 


the program. 


Static 
RAM 
is available 
(in the in-cable 
buffer 
box) to 


emulate 
the 8044 internal 
and external 
program 
mem- 
ory and external 
data memory. 
The designer 
can display 
and alter the contents 
of the replacement 
memory 
in the 


buffer 
box, the internal 
data 
memory, 
and the internal 


8044 registers, 
including 
the SFRs. 


SIUST: 
SIU State 
Counter 
(byte-addressable) 


The SIU State Counter 
(Address 
D9H) reflects 
the 


state of the internal 
logic which is under SIU control. 


Therefore, 
care must be taken 
not to write into this 


register. 
This register 
provides 
a useful 
means 
for 


debugging 
8044 receiver 
problem. 


- 0.5V to + 7V 


.2 Watts 


• Notice: 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to 
the device. 
This 
is a stress 
rating 
only 
and functional 
operation 
of the device at these or any other conditions 
above 
those 
indicated 
In the 
operational 
sections 
of 
this 
specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may 
affect 
device 
reliability. 


Ambient 
Temperature 
Under Bias. 


Storage 
Temperature. 


Voltage 
on Any Pin With 
Respect 
to Ground (Vss). 


Power 
DIssipation. 


....... 
0 to 70·C 
-65·C 
to + 150·C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


VIL 
Input 
Low Voltage 
-0.5 
O.B 
V 


VIH 
Input 
High Voltage 
2.0 
VCC + 0.5 
V 


(Except 
RSTIVPD and XTAL2) 


VIH1 
Input 
High Voltage 
To 
2.5 
V 
XTAL1 to VSS 


RSTIVPD For Reset. XTAL2 


VOL 
Output 
Low Voltage 
0.45 
V 
10L= 
1.6mA 
Ports 1. 2. 3 (Note 
1) 


VOL1 
Output 
Low Voltage 
0.45 
V 
IOL=3.2mA 
Port 0 ALE. \PSEN 
(Note 
1) 


VOH 
Outpt 
High Voltage 
2.4 
V 
10H= 
-BOllA 
Ports 1,2,3 


VOH1 
Output 
High Voltage 
2.4 
V 
10H= 
- 400ilA 
Port 0, ALE, \PSEN 


ilL 
Logical 
0 Input Current 
-BOO 
I'A 
XTAL1 at VSS 
Ports 
1,2,3 
VIL=0.45V 


IIH1 
Input 
High Current.TO 
500 
I'A 
Vin=VCC-1.5V 
RSTIVPD For Reset 


III 
Input 
Leaka~ 
Current 
10 
I'A 
0.45V 
< Vin < VCC 
To Port 0, \EA 


ICC 
Power Supply 
Current 
125 
200 
mA 
TA=25·C 


CIO 
Capacitance 
of I/O Buller 
10 
pF 
fc = 1MHz 


IIL2 
Logical 
0 Input Current 
-3.5 
mA 
XTAL1 
= VSS 
XTAL 2 
VIL = 0.45V 


Note 1: VOL IS degraded when the RUPI·44rapidly discharges external capacitance. This A.C. noise is most pronounced during 


emission of address data. When using external memory, locate the latch or buffer as close to the RUPI·44as possible. 


VOL 


Emitting 
Degraded 
(peak) 


Datum 
Ports 
110 Lines 
(max) 


Address 
P2, PO 
P1, P3 
.BV 


Write 
Data 
PO 
P1, P3, ALE 
.BV 


intel 


A.C. 
CHARACTERISTICS 
(TAO·Cto 
70·C, 
VCC 
=5V± 
10°/· 
'5S= 
OV, CL for PortO, ALE and PSEN Outputs 
= 100pF; 


CL for All Other 
Outputs 
= dO pF) 


Variable 
Clock 
12 MHz Clock 
1ITCLCL = 1.2 MHz to 12 MHz 


Symbol 
Parameter 
Min 
Max 
Units 
Mln 
Max 
Units 


TLHLL 
ALE 
Pulse 
Width 
127 
ns 
2TCLCL-40 
ns 


TAVLL 
Address 
Setup 
to ALE 
43 
ns 
TCLCL-40 
ns 


TLLAX' 
Address 
Hold 
After 
ALE 
48 
ns 
TCLCL·35 
ns 


TLLlV 
ALE To Valid 
Instr 
In 
233 
ns 
4TCLCL-100 
ns 


TLLPL 
ALE To PSEN 
58 
ns 
TCLCL·25 
ns 


TPLPH 
P5EN 
Pulse 
Width 
215 
ns 
3TCLCL·35 
ns 


TPLIV 
PSEN To Valid 
Instr 
In 
125 
ns 
3TCLCL-125 
ns 


TPXIX 
Input 
Instr 
Hold 
After 
PSEN 
0 
ns 
0 
ns 


TPXIZ' 
Input 
Instr 
Float 
After 
PSEN 
63 
ns 
TCLCL·20 
ns 


TPXAV' 
Address 
Valid 
After 
PSEN 
75 
ns 
TCLCL-8 
ns 


TAVIV 
Address 
To Valid 
Instr 
In 
302 
ns 
5TCLCL·115 
ns 


TAZPL 
Address 
Float 
To PSEN 
-25 
ns 
-25 
ns 


Notes: 
1. TLLAX 
for access 
to program 
memory 
is different 
from 
TLLAX 
for data 
memory. 
2. Interfacing 
RUPI-44 devices 
with 
float 
times 
up to 75ns is permissible. 
This limited 
bus contention 
will not cause 
any damage 
to Port 
o drivers. 


Variable 
Clock 
12 MHz Clock 
1/TCLCL 
= 1.2 MHz to 12 MHz 


Symbol 
Parameter 
Min 
Max 
Units 
Min 
Max 
Units 


TRLRH 
RD Pulse 
Width 
400 
rs 
6TCLCL·100 
ns 


TWLlNH 
WR Pulse 
Width 
400 
ns 
6TCLCL-100 
ns 


TLLAX' 
Address 
Hold 
After 
ALE 
48 
ns 
TCLCL·35 


TRLDV 
RD To Valid 
Data 
In 
250 
ns 
5TCLCL-165 
ns 


TRHDX 
Data 
Hold 
After 
RD 
0 
ns 
0 
ns 


TRHDZ 
Data 
Float 
After 
RD 
97 
ns 
2TCLCL-70 
ns 


TLLDV 
ALE To Valid 
Data 
In 
517 
ns 
8TCLCL-150 
ns 


TAVDV 
Address 
To Valid 
Data 
In 
585 
ns 
9TCLCL-165 
ns 


TLLWL 
ALE To WR or RD 
200 
300 
ns 
3TCLCL·50 
3TCLCL+50 
ns 


TAVWL 
Address 
To WR or RD 
203 
ns 
4TCLCL-130 
ns 


TWHLH 
WR or RD High 
To ALE High 
43 
123 
ns. 
TCLCL·40 
TCLCL+40 
ns 


TDVWX 
Data 
Valid 
To WR Transition 
33 
ns 
TCLCL·50 
ns 


TOVWH 
Data 
Setup 
Before 
WR 
433 
ns 
lTCLCL·15O 
ns 


TWHOX 
Data 
Hold 
After 
WR 
33 
ns 
TCLCL-50 
ns 


TRLAZ 
Address 
Float 
After 
RD 
0 
ns 
0 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


TDCY 
Data 
Clock 
420 
ns 


TDCL 
Data 
Clock 
Low 
180 
ns 


TDCH 
Data 
Clock 
High 
100 
ns 


tTD 


toSS 


tDHS 


Transmit 
Data Delay 
- 
--- 


Data ~etu~ Tin'le 


Data Hold Time 


PSEN 


RD 


TQVWH 


DATA OUT 


PSEN 


WR 


inter 


2.4=>(20 
2.0>= 
TEST POINTS 
0.45 
...0....8 
0._8 
j 


FLOAT t 
2.4 
2° 
2.0 
2.4 


0.45 
0-.8----------0 
..... 
8 
0.45 


Variable 
Clock 
Freq = 1.2 MHz 
to 12 MHz 


Symbol 
Parameter 
Min 
Max 
Unit 


TClCl 
Oscillator 
Period 
83.3 
287.5 
ns 


TCHCX 
High Time 
20 
TClCl-TClCX 
ns 


TClCX 
low 
Time 
20 
TClCl-TCHCX 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


STATE 4 


Pl I P2 


STATE 5 


Pl I P2 


STATE 6 


Pl I P2 


STATE 1 


Pl I 
P2 


STATE 2 


Pl I 
P2 


STATE 3 


Pl I P2 


STATE 4 


Pl I P2 


STATE 5 


Pl I P2 


I 
1 
I 
=:2 


THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXECUTION 
OF A MOVX INSTRUCTION 
I 
1"- 
1 
L 
L-_--' 
J 


P2(EXT) 
1 INDICATES ADDRESS TRANS IONS 
~ 
_ 


READ CYCLE 


RD 


DOHIS EMITTED 
PCL OUT (IF PROGRAM 
DURING THIS PERIOD 
MEMORY IS EXTERNAL) 
h( 
FLOAT S=D 
•n~ 


I PCL OUT(EVEN IF PROGRAM 


'- 
J 
ME"'IORY IS INTERNAL) 


DATA OUT------ 
••••B~\~ 
tCL 
OUT ;,~OGRAM 
IMEMORY IS EXTERNAL) 


P2 


PORT OPERATION 


MOV PORT, SRC 


SERIAL PORT SHIFT CLOCK 


J~gDE 
O)--------~XD 
SAMPLED 


OLD DATA INEW D"\TA 
POPINS SAMPLED 


MOV DEST. PO 
~,-- 
~F4 _ 


MOV DEST. PORT (Pl. P2. P3) 
POPINS SAMPLED 
c:::=J 


(INCLUDES 
INTO. INn. 
TO. n,) 
~~ 
I-' 
- L-- 


Pl. P2. P3 PINS SAMPLED 
:~N~~=~PLED 


---~ 


RXD SAMPLED 


This diagram 
indicates 
when signals are clocked 
Internally 
The time It takes the signals to propagate 
to the pins. however. 


ranges from 25 to 125ns This propagation 
delay is dependent 
on vanables such as temperature 
and pin loading. 
Propagation 
also vanes from output to output and component 
to component. 
Typically though. 
(TA 
25° C. fUlly loaded) RD and WR prop- 


agation delays are approximately 
50 ns. The other signals are typically 
85 ns Propagation 
delays are Incorporated 
In the AC 


specifications 


inter 


8744H 
HIGH PERFORMANCE 8-BIT MICROCONTROLLER 


WITH On-CHIP SERIAL COMMUNICATION 
CONTROLLER 


8051 MICROCONTROLLER 
CORE 


• 
Optimized 
for Real Time Control 


12 MHz Clock, 
Priority 
Interrupts, 
32 Programmable 
I/O lines, 


Two 16-bit Timer/Counters 


SERIAL 
INTERFACE 
UNIT (SIU) 


• 
Serial Communication 
Processor that 


Operates 
Concurrently 
to CPU 


• 
2.4 Mbps Maximum 
Data Rate 


• 
375 Kbps using On-Chip 
Phase 
Locked 
Loop 
• 
Boolean 
Processor 


• 
4K x 8 EPROM, 
192 x 8 RAM 


• 
64K Accessible 
External 
Program 


Memory 


• 
64K Accessible 
External 
Data Memory 


• 
4 IJs Multiply 
and Divide 


The RUPI-44 family 
integrates 
a high performance 
8-bit Microcontroller, 
the Intel 8051 Core, with an 
intelligent/high 
performance 
HDLC/SDLC 
serial communication 
controller, 
called the Serial 
Interface 
Unit (SIU). See Figure 1. This dual architecture 
allows complex control and high speed data communica- 
tion functions 
to be realized 
cost effectively. 


• 
Communication 
Software 
in Silicon: 


- 
Complete 
Data Link Functions 


- 
Automatic 
Station 
Responses 


• 
Operates 
as an SDLC Primary 
or 
Secondary 
Station 


Specifically, 
the 8044's Microcontroller 
features: 4K byte On-Chip program memory space; 32 I/O lines; 


two 16-bit timer/event 
counters; 
a 5-source; 
2-level interrupt 
structure; 
a full duplex 
serial channel; 
a 
Boolean 
processor; 
and on-chip 
oscillator 
and clock circuitry. 
Standard 
TTL and most byte-oriented 
MCS-80 and MCS-85 
peripherals 
can be used for I/O and memory 
expansion. 


The Serial Interface 
Unit (SIU) manages 
the interface 
to a high speed serial link. The SIU offloads 
the 
On-Chip 8051 Microcontroller 
of communication 
tasks, thereby freeing the CPU to concentrate 
on real 
time control 
tasks. 


The RUPI-44 family consists of the 8044, 8744, and 8344. All three devices are identical except in respect 
of on-chip program 
memory. The 8044 contains 
4K bytes of mask-programmable 
ROM. User program- 
mable 
EPROM 
replaces 
ROM in the 8744. The 8344 addresses 
all program 
memory 
externally. 


The RUPI-44 devices 
are fabricated 
with Intel's 
reliable 
+5 volt, silicon-gate 
HMOSII technology 
and 
packaged 
in a 40-pin 
DIP 


The 8744H is available 
in a hermetjcally 
sealed, ceramic, 
40-lead dual in-line package which includes 
a 
window that allows for EPROM erasure when exposed to ultraviolet 
light (See Erasure Characteristics). 


During 
normal 
operation, 
ambient 
light may adversely 
affect the functionality 
of the chip. Therefore, 


applications 
which 
expose 
the 8744H to ambient 
light may require 
an opaque 
label over the window. 


Control 
Lines 
8051 
Micro- 
controller 


2-port 
RAM 


HOLC; 
SOLC 
port 


VSS 
Circuit 
ground 
potential. 


vcc 
+ 5V 
power 
supply 
during 
operation 
and 
program 
verification. 


PORT 0 
Port 0 is an 8-bit open drain 
bidirectional 
I/O port. 
It is 
also 
the 
multiplexed 
low-order 
address 
and 
data 
bus 
when using external 
memory. 
It is used for data output 
during 
program 
verification. 
Port 0 can sink/source 
eight 
LS TIL 
loads. 


PORT 1 
Port 1 is an 8-bit quasi-bidirectional 
110 port. It is used for 
the 
low-order 
address 
by1e during 
program 
verification. 
Port 1 can sink/source 
four LS TIL 
loads. 


In non-lOOp mode 
two 
of the 
I/O lines 
serve alternate 
functions: 
-RTS 
(P1.6). Request-to-Send 
output. 
A low indicates 
that the RUPI-44 is ready to transmit. 
-CTS (P1.7) Clear-to-Send 
input. A low indicates 
that a 
receiving 
station 
is ready to receive. 


PORT 2 
Port 2 is an 8-bit quasi-bidirection 
110 port. It also emits 
the 
high-order 
address 
by1e when 
accessing 
external 
memory. 
It is used 
for the 
high-order 
address 
and 
the 
control 
signals 
during 
program 
verification. 
Port 
2 can 
sink/source 
four LS TIL 
loads. 


PORT 3 
Port 
3 
is 
an 
8-bit 
quasi-bidirectional 
I/O 
port. 
It 
also 
contains 
the 
interrupt, 
timer, 
serial 
port 
and 
RD 
and 
WR 
pins 
that 
are 
used 
by various 
options. 
The output 
latch corresponding 
to a secondary 
function 
must be pro- 
grammed 
to a one (1) for that function 
to operate. 
Port 3 
can sink/source 
LS TIL 
loads. 


In addition 
to 1/0, some of the pins also serve alternate 
functions 
as follows: 


-1/0 
RxD (P3.0). In point-to-point 
or multipoint 
configura- 
tions, this pin controls 
the direction 
of pin P3.1. Serves 
as Receive Data input in loop and diagnostic 
modes. 
-DATA 
TxD (P3.1) In point-to-point 
or multipoint 
con- 
figurations, 
this pin functions 
as data input/output. 
In 
loop mode, 
it serves as transmit 
pin. A '0' written 
to 
this pin enables diagnostic 
mode. 


-INTO 
.(P3.2). Interrupt 
0 input or gate control 
input 
for 
counter 
O. 


-INT1 
(P3.3). Interrupt 
1 input or gate control 
input for 
counter 
1. 


- 
TO(P3.4). Input to counter 
O. 


-SCLK 
T1 (P3.5). In addition 
to liD, this pin provides 
in- 


~ 
to counter 
1 or serves as SCLK (serial clock) input. 


-WR 
(P3.6). The write 
control 
signal 
latches 
the data 
Qy!e from Port 0 into the External 
Data Memory. 
-RD 
(P3.7). The read control 
signal 
enables 
External 
Data Memory to Port O. 


RST 
A high 
on this 
pin for 
two 
machine 
cycles 
while 
the 
oscillator 
is running 
resets the device. A small external 
pulldown 
resistor 
(=8.2kO) 
from 
RST to Vss permits 
power-on 
reset when 
a capacitor 
(=10Jlf) 
is also con- 
nected from this pin to Vcc. 


ALEIPROG 
Provides Address 
Latch Enable output 
used for latching 
the address 
into external 
memory 
during 
normal 
opera· 


tion. 
It is activitated 
every six oscillator 
periods 
except 
during 
an external 
data memory access. 
It aiso receives 
the program 
pulse 
input 
for programming 
the 
EPROM 
version. 


PSEN 
The Program 
Store 
Enable 
output 
is a control 
signal 
that 
enables 
the external 
Program 
Memory 
to the bus 
during 
external 
fetCh operations. 
It is activated 
every 
six 
oscillator 
periods, 
except 
during 
external 
data 
memory 
accesses. 
Remains 
high 
during 
i"lternal 
pro- 


gram execution. 


EAlVPP 
When held at a TTL high level, the RUPI-44 executes 
in- 
structions 
from 
the internal 
ROM when the PC is less 
than 4096. When held at ~ TTL low level, the RUPI-44 fet- 
ches 
all 
instructions 
from 
external 
Program 
Memory. 


The pin also receives the 21V EPROM programming 
sup- 
ply voltage 
on the 8744. 


XTAL 1 
Input 
to the oscillator's 
high 
gain 
amplifier. 
Required 
when a crystal 
is used. Connect 
to VSS when external 
source 
is used on XTAL 2. 


XTAL 2 
Output 
from the oscillator's 
amplifier. 
Input to the inter- 


nal timing 
circuitry. 
A crystal 
or external 
source 
can be 
used. 


o~=}; 
~:: 
~ 
•. 
c 
_'" '" 
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Figure 2. 


Logic Symbol 


P10 
VCC 


., 
1[ , 
POD 
ADO 


.,2( 
J 
POl 
AD' 


.,11 
4 
P02 
A02 


.1.4 ( , 
P03 
A03 


.'.51 
6 
J PO.' 
ADO 


RTS 
.161 
7 
) PO.5 
ADS 
m 
• , 7( • 
J PO.• 
A08 


RST 
( • 
8044 
P07 
A07 


110 
RXO 
P3.0 
'0 
.340 
Ei 
v •• 


OATA no 
.3 ,{ 
11 


8744 
~ ALE 
PiWG 


INTO 
.3.2 ( 
" 
: PSlii 


INTl 
.331 
\J 
A15 


TO 
·3.41 " 


] .2 .• 
AlO 


selK 
T' 
.3.5( 
15 
.2.5 
A'3 


w;; 
.3.6 ( ., 
P2.4 
A'2 


RO 
.37/ 
IT 
) .2.3 
All 


XTAl21 
" 


.2.2 
A.O 


HAll 
I '. 
.2 • 
A' 


VSS I 
'0 
P2.0 
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Figure 3. Pin 
Configuration 
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------- 
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-, 
I 
I 
OSCll 
4096 BYTES 
SIU 
DATA 
lATOR 
PROGRAM 
192 BYTES 
(SERIAL 


I 
& 
MEMORY 
DUAL PORT 
INTERFACE 
I 
.. 110 
TIMING 
(8044 & 8744) 
RAM 
UNIT) 
HDlCISDlC 
I 
I 
SERIAL 
COMMUNICATIONS 


I 
I 
I 
I 
I 
I 


I 
64K·BYTE BUS 
TWO 16·BIT 
I 


I 


EXPANSION 
TIMER EVENT 
I 
CONTROL 
COUNTERS 


I 
INTERRUPTS 


I 
1---- 
L 
-.J 


INTERRUPTS 
CONTROL 
PARAllEL 
PORTS 
COUNTERS 
ADDRESS DATA BUS 
AND I/O PINS 


Figure 4. 
Block Diagram 


inter 


"NO TlCE: Stresses above those listed under "Abso- 
lute 
Maximum 
Ratings" 
may 
cause 
permanent 


damage to the device. 
This is a stress rating 
only 


and functional 
operation 
of the device at these or 


any other conditions 
above those indicated 
in the 


operational 
sections 
of 
this 
specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 


conditions 
for extended 
periods 
may affect device 


reliability. 


Ambient 
Temperature 
Under 
Bias 
... 
O°C to 70°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
On Any Pin to VSS 


(Except 
VpP) 
-0.5V to +7V 


Voltage 
from VPP to VSS 
21.5V 


Power Dissipation 
2 W 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(except 
EA) 
-0.5 
0.8 
V 


VIL 1 
Input 
Low Voltage to EA 
0 
0.8 
V 


VIH 
Input High Voltage 
(Except 
XTAL2. RST) 
2.0 
VCC +0.5 
V 


VIH1 
Input High Voltage 
to XTAL2. RST 
2.5 
VCC +0.5 
V 
XTAL1 = VSS 


VOL 
Output 
Low Voltage 
Ports 1, 2, 3 (Note 1) 
0.45 
V 
tOL = 1.6mA 


VOL1 
Output 
Low Voltage 
Port 0, ALE, PSEN 
0.60 
V 
10L =3.2mA 


(Note 
1) 
0.45 
V 
10L = 2.4mA 


VOH 
Output 
High Voltage 
Ports 1, 2, 3 
2.4 
V 
10H = -801lA 


VOH1 
Output 
High Volt<!ge Port 0 (in External 
2.4 
V 
10H = -4OOIlA 


Bus Mode), ALE, pSE'J 


ilL 
Logical 
0 Input Current 
P1, P2, P3 
500 
IlA 
Vin = 0.45V 


ilL 1 
Logical 
0 Input Current 
to EAlVpp 
-15 
mA 
Vin = 0.45V 


IIL2 
Logical 
0 Input Current 
to XTAL2 
-3.5 
mA 
XTAL 1 = VSS 
Vin = 0.45V 


III 
Input Leakage 
Current 
to Port 0 
100 
IlA 
0.45 < Vin < VCC 


IIH 
Logical 
Input Current 
to EAlVpp 
500 
IlA 
Vin = 2.4V 


IIH1 
Input Current 
to RST IVpD 
to activate 
reset 
500 
IlA 
Vin < (VCC -1.5V) 


ICC 
Power Supply 
Current 
270 
mA 
All outputs 
disconnected, 


EA =VCC 


CIO 
Capacitance 
of I/O Buffers 
10 
pF 
fc=1 
MHzTA=25°C 


AC CHARACTERISTICS 
(TA = O°C to 70°C, VCC = 4.5V to 5.5V, VSS = OV,Load Capacitance 
for Port O. 


ALE, and PSEN = 100 pF; Load Capacitance 
for all other outputs 
= 80 pF) 


EXTERNAL 
PROGRAM 
MEMORY 
CHARACTERISTICS 


8744H 
12 MHz Osc 
Variable Oscillator 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


TCLCL 
Oscillator 
Period 
83.3 
285.7 
ns 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address Valid to ALE 
53 
TCLCL-40 
ns 


TLLAX 
Address Hold after ALE 
48 
TCLCL-35 
ns 


TLLlV 
ALE to Valid Instr In 
183 
4TCLCL-150 
ns 


TLLPL 
ALE to PSEN 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
190 
3TCLCL-60 
ns 


TPLIV 
PSEN to Valid Instr In 
100 
3TCLCL-150 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address to Valid Instr In 
267 
5TCLCL-150 
ns 


TAZPL 
Address Float to PSEN 
-25 
-25 
ns 


8744H 
12 MHz Osc 
Variable Oscillator 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TLLAX 
Address Hold After ALE 
48 
TCLCL-35 
ns 


TRLDV 
RD to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE to WR or RD 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address to WR or RD 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
13 
TCLCL-70 
ns 


TOVWH 
Data Setup to WR High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Held after WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address Float 
25 
25 
ns 


TWHLH 
RD or WR High to ALE High 
33 
133 
TCLCL-50 
TCLCL+50 
ns 


inter 


2.4==>(20 
2.o)C 
TEST POINTS 
0.45 
_0_,' 
0,_' 
j 


FLOAT t 
U 
~ 
~ 
U 


0.45 
0...,----------0-.. 
0.45 


AC testing inputs are driven at 2.4V for a logic 1 and 0.45V for a logic 0 
Timing measurements are made at 2.0V for a logic 1 and O.8V for a logic 0 
For timing purposes, the float state is defined as the point at which a POpin sinks 3.2mA or sources 400jAAat the voltage test levels 


inter 


Symbol 
Parameter 
Min 
Max 
Units 


TDCY 
Data Clock 
420 
ns 


ToCl 
Data Clock low 
180 
ns 


TDCH 
Data Clock High 
100 
ns 


TIo 
Transmit Data Delay 
180 
ns 
, 


TOSS 
Data Setup Time 
40 
ns 


ToHS 
Data Hold Time 
40 
ns 


PSEN 


RD 


TLLAX 


AT·AO 


TQVWH 


DATA 
OUT 


inter 


NOTE: 
VOL is degraded when the 8744H rapidly discharges external capacitance. This AC noise is most pronounced 
during emission of address data. When using external memory, locate the latch or buffer as close to the 8744H 
as possible. 


VOL 
Emitting 
Degraded 
(peak) 


Datum 
Ports 
1/0 Lines 
(max) 


Address 
P2,PO 
P1,P3 
0.8V 


Write Data 
PO 
Pl, P3, ALE 
0.8V 


Symbol 
Parameter 
Min 
Max 
Units 


TCLCL 
Oscillator 
Period: 
8751H 
83.3 
285.7 
ns 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


0.8 
0.8 


·-TCLCX 


STATE4 


PI I P2 


STATE5 


PI I P2 


STATE6 


PI I P2 


STATE1 


PI I P2 


STATE2 


PI I P2 


STATE3 


PI I P2 


STATE4 


PI I P2 


STATE5 


PI I P2 


I 
I 
I 
::2 


THESE SIGNALS ARE NOT 
ACTIVATEDDURING THE 
EXECUTIONOF A MOVXINSTRUCTION 
~ 
I 
I"" 
I 
L 


P2(EXT) 
READ CYCLE 


RD 


OOHIS EMITTED 
PCL OUT (IF PROGRAM 
DURING THIS PERIOD 
MEMORYIS EXTERNAL) 
~c( 
FLOAT S=D 
•n~ 


'- 
~I 
PCL OUT(EVEN IF PROGRAM 


DATAOUT-----M-E-~-B-R-, 
Y_.~I:;:~:R:TAJ;;OGRAM 


IMEMORYIS EXTERNAL) 
P2 


PORT OPERATION 


MOVPORT. SRC 


SERIAL PORT SHIFT CLOCK 


T~gDE O)--------~XD 
SAMPLED 


__ L POPINS SAMPLED 


MOVDEST.PO 
~'-------------------------!--4{ 


MOVDEST.PORT (Pl. P2. P3) 
POPINS SAMPLED 
c::::::J 


(INCLUDES INTO.INn. TO.n! 
~ 
I- \ - L-- 


Pl. P2. P3 PINS SAMPLED 
:11N~2S:~PLED 


~--b;J 
RXDSAMPLED 


ThiS diagram 
Indicates 
when signals are clocked 
Internally. 
The time it takes the signals to propagate 
to the Pins. however, 


ranges from 25 to 125 ns This propagation 
delay is dependent 
on variables such as temperature 
and pin loading. 
Propagation 
also varies from output to output and component 
to component. 
Typically 
though. 
(TA = 25°C. fully loaded) RD and WR prop- 


agation delays are approximately 
50 ns. The other signals are typically 
85 ns. Propagation 
delays are Incorporated 
In the AC 
specifications. 
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Erasure 
Characteristics 
Erasure of the 8744H Program Memory begins to 
occur when the chip is exposed to light with wave- 
lengths shorter than approximately 4,000 Angstroms. 
Since sunlight and fluorescent lighting have wave- 
lengths in this range, constant exposure to these 
light sources over an extended period of time (about 
1 week in sunlight, or 3 years in room-level fluores- 
cent lighting) could cause unintentional erasure. If 
an application subjects the 8744H to this type of 
exposure, it is suggested that an opaque label be 
placed over the window. 


The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an inte- 
grated dose of at least 15 W-sec/cm2 
rating for 20 
to 30 minutes, at a distance of about 1 inch, should 
be sufficient. 


Erasure leaves the array in an all 1s state. 


Programming 
the EPROM 
To be programmed, the 8744H must be running with 
a 4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate registers.) The address of an EPROM location 
to be programmed is applied to Port 1 and pins 
P2.0-P2.3 of Port 2, while the data byte is applied to 
Port O. Pins P2.4-P2.6and PSEN should be held low, 
and P2.7 and RST high. (These are all TIh...'evels 
except RST, which requires 2.5V for high.) EANPP 
is held normally high, and is pulsed to +21V. While 
ENVPP is at 21V, the ALE/PROG pin, which is 
normally being held high, is pulsed low for 50 msec. 
Then ENVPP is returned to high. This is illustrated 
in Figure 3. Detailed timing specifications are pro- 
vided in the EPROM Programming and Verification 
Characteristics section of this data sheet. 


Program 
Memory 
Security 
The program memory security feature is developed 
around a "security bit" in the 8744H EPROM array. 
Once this "hidden 
bit" is programmed, electrical 


access to the contents of the entire program memory 
array becomes impossible. Activation of this feature 
is accomplished by programming the 8744H as 
described in "Programming the EPROM" with the 
exception that P2.6 is held at a TIL high rather than 
a TIL low. In addition, Port 1 and P2.0-P2.3 may be 
in any state. Figure 4 illustrates the security bit pro- 
gramming configuration. Deactivating the security 
feature, which again allows programmability of the 
EPROM, is accomplished by exposing the EPROM 
to ultraviolet light. This exposure, as described in 
"Erasure Characteristics," erases the entire EPROM 
array. Therefore, attempted retrieval of "protected 
code" results in its destruction. 


Program 
Verification 
Program Memory may be read only when the 
"security feature" has not been activated. Refer to 
Figure 5 for Program Verification setup. To read the 
Program Memory, the following procedure can be 
used. The unit must be running with a 4 to 6 MHz 
oscillator. The address of a Program Memory loca- 
tion to be read is applied to Port 1 and pins P2.0- 
P2.3 of Port 2. Pins P2.4-P2.6 and PSEN are held at 
TIL low, while the ALE/PROG, RST, and EANPP 
pins are held at TIL high. (These are all TIL levels 
except RST, which requires 2.5V for high.) Port 0 
will be the data output lines. P2.7 can be used as a 
read strobe. While P2.7 is held high, the Port 0 pins 
float. When P2.7 is strobed low, the contents of the 
addressed location will appear at Port O. External 
pullups (e.g., 10K) are required on Port 0 during 
program verification. 
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EPROM 
PROGRAMMING, 
SECURITY 
BIT PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 210 C to 27" C. VCC = 4.5V to 5.5V, VSS = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Current 
30 
mA 


1fTCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address Setup to PROG 
48TCLCL 


TGHAX 
Address Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
ENABLE High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG 
10 
Jisec 


TGHSL 
Vpp Hold after PROG 
10 
Jisec 


TGLGH 
PROG Width 
45 
55 
msec 


TAVQV 
Address to Data Valid 
48TCLCL 


rELQV 
ENABLE to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


---{' 
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}---------<{ 
A_D_D_R._E_S_S 
)'----- 
1---------- 
II~~! 


PORT 0 ----11 
DATA IN 


hDVGLI 


}.------------~( 
D_A_TA_O_U_T 
__ 
)'------- 


1-1iVGL 
• 
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ALE PROG-------U------------------------------ 


T~ 


EA VPP 


TGLGH 


21V 
.5V 


PH 
) 
_(E_N_A_B_LE_l_ 
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FOR PROGRAMMING 
CONDITIONS 
SEE FIGURE 3. 


FOR SECURITY 
BIT PROGRAMMING 
CONDITIONS 
SEE FIGURE 4. 


FOR VERIFICATION 
CONDITIONS 
SEE FIGURE 5. 
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SUMMARY 
The 8044 offers a lower cost and higher performance 
solution to networking microcontrollers than conven- 
tionalsolutions. 
The system cost 'is lowered by 


integrating an entire microcomputer with an intelligent 
HDLC/SDLC communication processor onto a single 
chip. The higher performance is realized by integrating 
two processors running concurrently on one chip; the 
powerful 8051 microcontroller and the Serial Inter- 
face Unit. The 8051 microcontroller is substantially 
off-loaded 
from 
the communication 
tasks when 


using the AUTO mode. In the AUTO mode the SIU 
handles many of the data link functions in hardware. 
The advantages of the AUTO mode are: less software 
is required to implement a secondary station data link, 
the 8051 CPU is offloaded, and the turn-around time 
is reduced, thus increasing the network throughput. 
Currently the 8044 is the only mierocontroller 
with 


a sophisticated communications processor on-chip. In 
the future there willbe more microcontrollers available 
following this trend. 


INTRODUCTION 
Today 
microcontrollers 
are 
being designed 
into 


virtually every type of equipment. For the household, 
they are turning up in refrigerators, 
thermostats, 
burglar alarms, sprinklers, and even water softeners. 
At work they are found in laboratory 
instruments, 


copiers, elevators, hospital equipment, and telephones. 
In addition, a lot of microcomputer equipment con- 
tains more than one microcontroller. 
Applications 


using multiplemicrocontrollers 
as well, as the office 


and home, are now faced with the same requirements 
that laboratory instruments were faced with 12years 
ago - 
they need to connect them together and have 


them communicate. 
This need was satisfied in the 


laboratory 
with 
the 
IEEE-488 
General 
Purpose 


Instrumentation 
Bus (GPIB). However, GPIB does 


not meet the current design objectives for network- 
ing microcontrollers. 


Today there are many communications schemes and 
protocols available; some of the popular ones are 
GPIB, Async, HDLC/SDLC, and Ethernet. Common 
design objectives of today's networks are: low cost, 
reliable, efficient throughput, 
and expandable. 
In 


examining available solutions, GPIB does not meet 
these design objectives; first, the cable is too expen- 
sive (parallel communications), second, it can only be 
used over a limited distance (20 meters), and third, 
it can only handle a limited number of stations. For 
general 
networking, 
serial 
communications 
is 


preferable because of lower cable costs and higher 
reliability (fewer connections). While Ethernet pro- 
vides very high performance, 
it is more of a system 


backbone rather than a microcontroller interconnect. 
Async, on the other hand, is inexpensive but it is not 
an efficient protocol for data block or file transfers. 
Even with some new modifications such as a 9 bit pro- 
tocol for addressing, 
important 
functions such as 


acknowledgements, error checking/recovery, and data 
transparency are not standardized nor supported by 
available data comm chips. 


SDLt, 
Synchronous Data Link Control, 
meets the 
requirements 
for communications 
link design. The 
physical medium can be used on two or four wire 
twisted pair with inexpensive transceivers and connec- 
tors. It can also be interfaced through modems, which 
allows it to be used on broadband 
networks, leased 
or switched telephone lines. VLSI controllers have 
been available from a number of vendors for years; 
higher performance and more user friendly SDLC con- 
trollers continue 
to appear. 
SDLC has also been 
designed to be very reliable. A 16bit CRC checks the 
integrity of the received data, while frame number- 
ing and acknowledgements 
are also built in. Using 
SDLC, up to 254 stations can be uniquely addressed, 
while HDLC addressing is unlimited. If an RS-422 
only requires a single +5 volt power supply. 


What will the end user pay for the added value pro- 
vided by communications? 
The cost of the com- 


munications hardware is not the only additional cost. 
There will be performance degradation in the main 
application 
because the mjcrocontroller 
now has 


additional tasks to perform. There are two extremes 
to the cost of adding communication capability. One 
could spend very little by adding an I/O port and have 
the CPU handle everything from the baud rate to the 
protocol. Of course the main application would be 
idle while the CPU was communicating. The other ex- 
treme would be to add another microcontroller 
to 
the 
system 
dedicated 
to 
communications. 
This 
communications processor could interface to the main 
CPU through a high speed parallel link or dual port 
RAM. This approach 
would maintain system per- 
formance, but it would be costly. 


Adding 
HDLC/SOLC 
Networking 
Capability 


Figure I shows a microcomputer system with a con- 
ventional 
HOLC/SDLC 
communications 
solution. 


The additional hardware needed to realize the con- 
ventional design is: an HDLC/SDLC 
communication 


chip. additional ROM for the communication software. 
part of an interrupt controller. a baud rate generator. a 
phase locked loop. 
NRZI encoded/decoder. 
and a 


cable driver locked loop are used when the transmitter 
does not send the clock on a separate line from the data 
(i.e. over telephone lines. or two wire cable). the NRZI 
encoder/decoder is used in HDLC/SDLC 
to combine 


the clock into the data line. A phase locked loop isused 
to recover the clock from the data line. 


The majority of the available communication 
chips 
provide a limited number of data link control func- 
tions. 
Most of them will handle Zero Bit Inser- 


tion/Deletion 
(ZBIID), 
Flags, Aborts, 
Automatic 


· 
SERIAL 
COMMUNICATIONS 
SDLC/HDLC 


BAUD 
RATE 
GENERATOR 


address recognition, and CRC generation and check- 
ing. 
It 
is the 
CPU's 
responsibility 
(0 
manage 


link access, command 
recognition 
and response, 


acknowledgements and error recovery. Handling these 
tasks can take a lot of CPU time. In addition, servic- 
ing the transmission and reception of data bytes can 
also be very time consuming depending on the method 
used. 


Usinga OMA controller can increase the overall system 
performance, since it can transfer a block of data in 
fewer clock cycles than a CPU. In addition. the CPU 
and the OMA controller can multiplex their access to 
the bus so that both can be running at virtually the same 
time. However, both the OMA controller and the CPU 
are sharing the same bus, therefore, neither one get to 
utlize )00% of the bus bandwidth. Microcontrollers 
available today do not support OMA. therefore, they 
would 
have 
to 
use interrupts, 
since polling 
is 
unacceptable in a multitasking environment. 


In an interrupt driven, the CPU has overhead in ad- 
dition to servicing the interrupt. 
During each inter- 


rupt request the CPU has to save all of the important 
registers, 
transfer 
a 
byte, 
update 
pointers 
and 


counters, then restore all of its registers. At low bit 
rates this overhead may be insignificant. However, the 
percentage of overhead increases linearly with the bit 
rate. At high bit rates this overhead would consume 
all of the CPU's time. There is another nuisance fac- 
tor associated with interrupt driven systems, interrupt 
latency.· Too much interrupt latency will cause data 
to be lost from underrun and oven;:un errors. 


The additional hardware necessary to implement the 
communications solution, as shoWnin Figure I, would 


require I LSI chip and about 10TTL chips. The cost 
of CPU throughput degradation can be even greater. 
The percentage of time the CPU has to spend servic- 
ing the communication tasks can be anywhere from 
1O-IOOOJo, 
depending on the serial bit rate. These high 


costs will prevent consumer acceptance of network- 
ing microcomputer equipment. 


A Highly Integrated, High Performance Solution 
The 8044 reduces the cost of networking 
micro- 
controllers without compromising 
performance. 
It 
contains all of the hardware components necessary to 
implement a microcomputer system with communica- 
tions capability, plus it reduces the CPU and software 
overhead of implementing HOLC/SOLC. 
Figure 2 


shows a functional block diagram of the 8044. 


The 8044 integrates the powerful 8051microcontroller 
with an intelligent Serial Interface Unit to provide a 
single chip solution which efficiently implements a 
distributed processing or distributed control systefn. 
The microcontroller is a self sufficient unit contain- 
ing ROM, RAM, ALU and its own peripherals. The 
8044's architecture and instruction set are identical to 
the 8051's. The Serial Interface 
Unit (SIU) uses 


bit synchronous HOLC/SOLC protocol and can com- 
municate at bit rates up to 2.4 Mbps, externally 
clocked, or up to 375 Kbps using the on-chip digital 
phase locked loop. The SIU contains its own pro- 
cessor, which operates concurrently with the micro- 
controller. 


The CPU and the SIU, in the 8044, interface through 
192 bytes of dual port RAM. There is no hardware 
arbitration in the dual port RAM. Both processor's 
memory access cycles are interlaced; each processor 
has access every other clock cycle. Therefore, there 


inter 


HOLC/SOLC 
COMMUNICATIONS 
PROCESSOR 
8051 
MICRO- 
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CONTROLLER 
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is no throughput 
loss in either processor as a result 


of the dual port RAM, and execution times are deter- 
ministic. Since this has always been the method for 
memory access on the 8051 microcontroller, 8051 pro- 
grams have the same execution time in the 8044. 


By integrating all of the communication 
hardware 


onto the 8051 microcontroller, 
the hardware cost of 


the system is reduced. Now several chips have been 
integrated 
into a single chip. This means that the 


system power is reduced, 
P.C. board space is re- 


duced, 
inventory 
and 
assembly 
is reduced, 
and 


reliability is improved. 
The improvement 
in reli- 
ability is a result of fewer chips and interconnections 
on the P.C. board. 


As mentioned before, there can be two extremes in 
a design which adds communications to the microcom- 
puter system. The 8044 solution uses the high end ex- 
treme. The SIU on the 8044contains its own processor 
which communicates with the 8051 processor through 
dual port RAM and control/status 
registers. While 


the SIU is not a totally independent communications 
processor, it substantially offloads the 8051 processor 
from the communication 
tasks. 


Tbe DMA on the 8044 is dedicated to the SIU. It can- 
not access external RAM. By having a DMA controller 
in the SIU, the 8051 CPU is offloaded. 
As a result 


of the dual port RAM design, the DMA does not share 
the running at full speed while the frames are being 


transmitted or received. Also, the nuisance of over- 
run and underrun errors is totally eliminated since the 
dedicated DMA controller is guaranteed to meet the 
maximum data rates. Having a dedicated DMA con- 
troller means that the .serial channel interrupt can be 
the lowest priority, thus allowing the CPU to have 
higher priority real time interrupts. 


Figure 3 shows a comparison between the conventional 
and the 8044 solution on the percentage of time the 
CPU must spend sending data. This diagram was 
derived by assuming a 64 byte information 
frame is 


being transmitted repeatedly. The conventional solu- 
tion is interrupt driven, and each interrupt service 
routine is assumed to take about 15instructions with 
a I /lsec instruction cycle time. At 533 Kbps, an in- 
terrupt would occur every 15 usec. Thus, the CPU 
becomes completely dedicated to servicing the serial 
communications. 
The conventional design could not 
support bit rates higher than this because of under- 
runs and overruns. For the 8044 to repeatedly send 
64 byte frames, it simply has to reinitialize the DMA 
controller. As a result, the 8044 can support bit rates 
up to 2.4 Mbps. 


Some of the other communications tasks the CPU has 
to perform, such as link access, command recogni- 
tion/response, 
and 
acknowledgements, 
are 
per- 


formed automatically 
by the SIU in a mode called 
"AUTO." 
The combination of the dedicated DMA 
controller and the AUTO mode, substantially offload 
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the CPU, thus allowing it·to devote more of its power 
to other tasks. 


8044'5 
Auto 
Mode 
In the AUTO mode"the SIU implements in hardware 
a subset of the SDLC protocol such that it responds 
to many SDLC commands without CPU intervention. 
All AUTO mode responses to the primary station con- 
form to IBM's SDLC definition. In the AUTO mode 
the 8044 can only be a secondary station operating 
in SDLC 
specified 
"Normal 
Response 
Mode." 


Normal Response Mode means that the secondary 
station' can not transmit 
unless it is polled by the 


primary station. The SIU in the AUTO mode can 
recognize and respond to the following SDLC com- 
mands without CPU intervention: I (Information), RR 
(Receive Ready), RNR (Receive Not Ready), REJ (Re- 
ject), and for loop mode UP (Unnumbered Poll). The 
SIU can generate the following responses without 
CPU intervention: I, RR, and RNR. In addition, the 
SIU manages Ns and Nr in the control field. If it 
detects an error in either Ns or Nr, it interrupts the 
CPU for error recovery. 


How does the SIU know what responses to send to 
the primary? It uses two status bits which are set by 
the CPU. The two bits are TBF (Transmit Buffer Full) 
and RBP (Receive Buffer Protect). TBF indicates that 
the CPU wants to send data, and RBP indicates that 
the receive data buffer is full. Table I shows the 
responses the SIU will send based on these two status 
bits. This is an innovative approach to communica- 
tion design. The CPU in the 8044 with one instruction 


can directly set a bit Which communicates 
to the 


primary what its transmit and receive buffering status 
is. 


When the CPU wants to send a frame, it loads the 
transmit 
buffer 
with the data, 
loads the starting 


address and the count of the data into the SIU, then 
sets TBF to transmit the frame. The SIU waits for the 
primary station to poll it with a RR command. After 
the SIU is polled, it automatically sends the informa- 
tion frame to the primary with the proper control field. 
The SIU then waits for a positive acknowledgement 
from the primary before incrementing the Ns field and 
interrupting 
the CPjl 
for more data. If a negative 


acknowledgement is received, the SIU automatically 
retransmits the frame. 


When the 8044 is ready to receive information, 
the 
CPU loads the receive buffer starting address and the 
buffer length into the SIU, then enables the receiver. 
When a valid information 
frame with the correct 


address and CRe is received, the SIU will increment 
the Nr field, disable the receiver and interrupt the CPU 
indicating that a good I frame has been received. The 
CPU then sets RBP, reenables the receiver and pro- 
cesses the received data. By enabling the receiver with 
RBP set, the SIU will automatically respond to polls 
with a Receive Not Ready, thus keeping the link 
moving rather than timing out the primary from a 
disabled 
receiver, or interrupting 
the CPU 
with 


another poll before it has processed the data. After 
the data has been processed, the CPU clears RBP, 
returning to the Receive Ready responses. 


TSF 
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SDLC communications 
can be broken up into four 


states: Logical Disconnect State, Initialization State, 
Frame Reject State, and Information Transfer State. 
Data can only be transferred 
in the Information 


Transfer State. More than 90010of the time a station 
will be in the Information 
Transfer State, which is 
where the SIU can run autonomously. 
In the other 


states, where error recovery, online/offline, 
and in- 


itialization takes place, the CPU manages the protocol. 


(RR) Receive 
ready 


(RNR) Receive 
not ready 


(I) Information 


(I) Information 


In the Information Transfer State there are three com- 
mon events which occur as illustrated in Figure 4, they 
are: I) the primary polls the secondary and the secon- 
dary is ready to receive but has nothing to send, 2) 
the primary sends the secondary information, 
and 3) 


the secondary 
sends information 
to the primary. 


Figures 5, 6, and 7 compare the functions the con- 
ventional design and the 8044 must execute in order 
to respond to the primary for the cases in Figure 4. 
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Case 2. 
Primary 
polls secondary 
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sends information 
frame 


Command 
Response 


RR, NR 
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Case 3. 
Primary 
sends secondary 
information 
frame 


Command 
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RR 
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Information 
frame 


Note: RR = Receive 
ready 
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~RR- 
Poll 
Receive interrupts 


Decode received control field 


Load response into transmit control field 


Send frame 


CASE 2 


CONVENTIONAL 
DESIGN 


Load transmit buffer and transmit 
control byte 
- .•--- 
RR -- 
.•••. 
- 
Receive interrupts 
poll 
Decode receive control byte 


Check NR field 


Send frame 


Transmit interrupts 
RR -- 
.•• 
_- 
Receive interrupts 
poll 
Decode receive control byte 


Check NR field 
Increment NS 
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Load transmit buffer 


Set TBF bit 


inter 


CASE 3 


8044 
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interrupts 


Decode 
received 
control 
field 


Check 
NR field 


Load response 
into transmit 
control 


field 


Send frame 
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interrupts 
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Transmit 
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Using case I as an example, the conventional design 
first gets receive interrupts bringing the data from the 
SOLC comm chip into memory. The CPU must then 
decode the command in the control field and deter- 
mine the response. In addition, it must check the Nr 
field for any pending acknowledgements. 
The CPU 


loads the transmit buffer with the appropriate address 
and control field, then transmits the frame. When the 
8044 receives this frame in AUTO mode, the CPU 
never #ts 
an interrupt because the SIU handles the 


entire frame reception and response automatically. 


In SOLC networks, 
when there is no information 


transfers, case I is the activity on the line. Typically 
this is 80070 of the network traffic. The CPU in the 
conventional design would constantly be getting in- 
terrupts and servicing the communications tasks, even 
when it has nothing to send or receive. On the other 
hand, the 8044 CPU would only get involved in com- 
municating when it has data to send pr receive. 


Having the SIU implement a subset of the SOLC pro- 
tocol in hardware not only offloads the CPU, but it 
also improves the throughput 
on the network. The 


most critical parameter for calculating throughput on 
any high speed network is the station turnaround time; 
the time it takes a station to respond after receiving. 
a frame. Since the 8044 handles all of the commands 
and responses of the Information 
Transfer State in 


hardware, the turnaround 
time is much faster than 
handling it in software, hence a higher throughput. 


8044's 
Flexible 
Mode 
In the "NON-AUTO" 
mode or Flexible mode, the 


SIU does not recognize or respond to any commands, 
nor does it manage acknowledgements, which means 
the CPU must handle link access, command recogni- 
tion/response, 
acknowledgements and error recovery 


by itself. The Flexible mode allows the 8044 to have 
extended address fields and extended control fields, 
thus providing HOLC support. In the Flexible mode 
the 8044 can operate as a primary station, since it can 
transmit without being polled. 


Front 
End Communications 
Processor 


The 
8044 can 
also 
be 
used 
as 
an 
intelligent 


HOLC/SOLC front end for a microporcessor, capable 
of extensively off-loading link control functions for 


inter 


the microporcessor. In some applications the 8044 can 
even be used for communications 
preprocessing, in 
addition to data link control. For this type of design 
the 8044 would communicate 
to the Host 
CPU 


through a FIFO, or dual port RAM. A block diagram 
of this design is given in Figure 8. A tightly coupled 
interface between the 8044 and the Host CPU would 
be established. The Host CPU would give the 8044 
high level commands and data which the 8044 would 
convert to HOLC/SOLC. 
This.particular 
type of 
design would be most appropriate 
for a primary 
Station which is normally a micro, mini, or mainframe 


computer. Sophisticated secondary stations could also 
take advantage of this design. 


Since the 8044 has ROM on chip, all the communica- 
tions software 
is non-volatile. 
The 8044 primary 


station could down-line-load software to 8044 secon- 
dary stations. Once down-line-loading is implemented, 
software 
updates 
to the primary 
and 
secondary 


. stations could be done very inexpensively. The only 
things which would remain fIXed in ROM are the 
HOLC/SOLC communications software and the soft- 
ware interface to the HOST. 
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Digital circuits are often thought 
of as being immune 
to 


noise 
problems, 
but 
really they're 
not. 
Noises in digital 


systems 
produce 
software 
upsets: 
program 
jumps 
to 


apparently 
random 
locations 
in memory. 
Noise-induced 


glitches in the signal lines can cause such problems, 
but 


the supply 
voltage 
is more sensitive to glitches than 
the 


signal lines. 


Severe noise conditions, 
those 
involving electrostatic 
dis- 


charges, 
or as found in automotive 
environments, 
can do 
permanent 
damage 
to 
the 
hardware. 
Electrostatic 
dis- 


charges 
can blow a crater 
in the silicon. 
In the automo- 
tive environment, 
in ordinary 
operation, 
the "J2V~ power 


line can show + and -400V transients. 


This 
Application 
Note 
describes 
some 
electrical 
noises 


and noise environments. 
Design considerations, 
along the 
lines 
of 
PCB 
layout, 
power 
supply 
distribution 
and 


decoupling, 
and shielding and grounding 
techniques, 
that 


may help minimize noise susceptibility 
are reviewed. Spe- 


cial 
attention 
is 
given 
to 
the 
automotive 
and 
ESD 


environments. 


Noise problems 
are 
not usually 
encountered 
during 
the 
development 
phase 
of a microcontroller 
system. 
This is 


because 
benches 
rarely 
simulate 
the 
system's 
intended 


environment. 
Noise problems 
tend not to show up until 


the system is installed and operating 
in its intended envir- 


onment. 
Then, 
after a few minutes 
or hours 
of normal 


operation 
the system 
finds 
itself someplace 
out 
in left 


field. Inputs 
are ignored 
and 
outputs 
are gibberish. 
The 


system 
may 
respond 
to a reset, 
or it may 
have to be 
turned 
off physically 
and then 
back on again, 
at which 


point 
it commences 
operating 
as 
though 
nothing 
had 


happened. 
There 
may be an obvious 
cause, 
such as an 


electrostatic 
discharge 
from 
somebody's 
finger to a key- 
board 
or the upset occurs every time a copier machine is 
turned 
on or off. Or there may be no obvious cause, and 


nothing 
the operator 
can do will make the upset repeat 


itself. But a few minutes, 
or a few hours, 
or a few days 
later it happens again. 


One symptom 
of electrical noise problems 
is randomness, 
both 
in the occurrence 
of the problem 
and 
in what the 
system 
does 
in its failure. 
All operational 
upsets 
that 


occur 
at seemingly 
random 
intervals 
are not 
necessarily 


caused by noise in the system. Marginal 
VCC, inadequate 
decoupling, 
rarely 
encountered 
software 
conditions. 
or 


timing 
coincidences 
can 
produce 
upsets 
that 
seem 
to 


occur randomly. 
On the other 
hand, some noise sources 
can produce 
upsets downright 
periodically. 
Nevertheless, 
the more difficult it is to characterize 
an upset as to cause 
and effect, the more likely it is to be a noise problem. 


The name given to electrical noises other than those that 
are inherent 
in the circuit 
components 
(such as thermal 
noise) 
is 
EMI: 
electromagnetic 
interference. 
Motors, 


power switches, fluorescent 
lights, electrostatic 
discharges, 


etc., are sources 
of EM I. There 
is a veritable 
alphabet 


soup of EMI types, and these are briefly described below. 


SUPPLY LINE TRANSIENTS 
Anything 
that switches heavy current 
loads onto or off of 


AC or DC power lines will cause large transients 
in these 


power lines. Switching an electric typewriter 
on or off, for 
example, can put a IOOOVspike onto the AC power lines. 


The 
basic 
mechanism 
behind 
supply 
line transients 
is 
shown 
in Figure 
I. The 
battery 
represents 
any 
power 


source, AC or DC. The coils represent the line inductance 
between 
the power 
source 
and 
the switchable 
loads 
R I 
and 
R2. If both 
loads are drawing 
current, 
the line cur- 
rent 
flowing 
through 
the 
line inductance 
establishes 
a 


magnetic 
field of some 
value. 
Then, 
when 
one 
of the 


loads is switched off, the field due to that component 
of 
the line current 
collapses, 
generating 
transient 
voltages, 


v = L(di/ dt), which try to maintain 
the current 
at its orig- 


inal level. That's 
called an "inductive 
kick. ~ Because 
of 
contact 
bounce, 
transients 
are 
generated 
whether 
the 
switch is being opened 
or closed, but they're worse when 


the switch is being opened. 


An inductive 
kick of one type or another 
is involved 
in 
most line transients, 
including those found in the automo- 
tive environment. 
Other 
mechanisms 
for 
line transients 
exist, involving noise pickup 
on the lines. The noise vol- 
tages 
are 
then 
conducted 
to a susceptible 
circuit 
right 


along with the power. 


EMPANDRFI 
Anything 
that 
produces 
arcs or sparks 
will radiate 
elec- 
tromagnetic 
pulses (EMP) 
or radio-frequency 
interference 


(RFI). 


Spark 
discharges 
have 
probably 
caused 
more 
software 
upsets 
in digital 
equipment 
than 
any other 
single noise 
source. 
The upsetting 
mechanism 
is the EMP 
produced 
by the spark. 
The EMP 
induces transients 
in the circuit, 
which are what actually cause the upset. 


Arcs and 
sparks 
occur 
in automotive 
ignition 
systems, 
electric 
motors, 
switches, 
static 
discharges, 
etc. 
Electric 
motors 
that have commutator 
bars produce 
an arc as the 
brushes 
pass from one bar to the next. 
DC motors 
and 
the "universal" 
(Ae 
DC) motors 
that are used to power 


hand tools are the kinds that have commutator 
bars. 
In 


switches, the same inductive 
kick that puts transients 
on 


the supply lines will cause an opening or closing switch to 
throw a spark. 


ESD 
Electrostatic 
discharge 
(ESD) 
is the 
spark 
that 
occurs 
when 
a person 
picks 
up a static 
charge 
from 
walking 
across a carpet, and then discharges it into a keyboard, 
or 


whatever 
else can be touched. 
Walking across a carpet 
in 


a dry climate, a person tan 
accumulate 
a static voltage of 
35kV. The current 
pulse from an electrostatic 
discharge 
has an extremely 
fast risetime - 
typically, 4AI nsec. Fig- 


ure 2 shows ESD waveforms 
that have been observed 
by 
some investigators 
of ESD phenomena. 


It is enlightening 
to calculate the L(di/ dt) voltage required 


to drive an ESD current 
pulse through 
a couple of inches 
of straight 
wire. Two 
inches 
of straight 
wire has about 


50nH 
of inductance. 
That's 
not 
very much, 
but 
using 
50nH for Land 
4A/ nsec for di/ dt gives an L(di/ dt) drop 
of about 
200V. Recent observations 
by W.M. 
King sug- 


gest even faster risetimes (Figure 
2B) and the occurrence 
of multiple discharges during a single discharge event. 


Obviously, 
ESD-sensitivity 
needs to be considered 
in the 
design of equipment 
that 
is going to be subjected 
to it, 
such as office equipment. 


GROUND 
NOISE 


Currents 
in ground 
lines are 
another 
source 
of 
noise. 
These can be 60Hz currents 
from the power lines, or RF 
hash. or crosstalk 
from other signals that are sharing this 
particular 
wire as a signal return line. Noise in the ground 
lines is often referred to as a "ground 
loop" problem. 
The 
basic concept 
of the ground 
loop is shown 
in Figure 3. 
The problem 
is that true earth-ground 
is not really at the 
same potential 
in all locations. 
If the two ends of a wire 
are earth-grounded 
at different 
locations, 
the voltage dif- 
ference between the two "ground" 
points can drive signifi- 


cant 
currents 
(several 
amperes) 
through 
the wire. Con- 
sider 
the wire to be part 
of a loop 
which contains, 
in 


addition 
to the wire. a voltage source that represents 
the 
difference 
in potential 
between 
the 
two ground 
points. 
and you have the classical "ground 
loop." 
By extension, 


the term 
is used to 
refer to any 
unwanted 
(and 
often 


unexpected) 
currents in a ground 
line. 


Radiated 
noise 'is noise that arrives at the victim circuit in 


the form of electromagnetic 
radiation, 
such as EMP and 


RFI. 
It causes trouble 
by inducing extraneous 
voltages in 


the circuit. 
Conducted 
noise is noise that arrives 
at the 
victim circuit already 
in the form 
of an extraneous 
vol- 


tage, typically via the AC or DC power lines. 


One defends 
against 
radiated 
noise by care in designing 
layouts and the use of effective shielding techniques. 
One 


defends against 
conducted 
noise with filters and suppres- 
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Figure 2. 
Waveforms of Electrostatic Discharge 
Currents From a Hand-Held 
Metallic Object 


sors, 
although 
layouts 
and 
grounding 
techniques 
are 


important 
here, too. 


Addressing 
noise problems 
after 
the design 
of a system 


has been completed 
is an expensive 
proposition. 
The ill 


will generated 
by failures in the field is not cheap either. 


It's cheaper 
in the long run to invest a little time and 


money 
in 
learning 
about 
noise 
and 
noise 
simulation 


equipment, 
so that controlled 
tests can be made on the 


bench as the design is developing. 


Simulating 
the intended 
noise environment 
is a two-step 


process: First you have to recognize what the noise envir- 
onment 
is, that is, you have to know what kinds of elec- 


trical noises are present, and which of them are going to 
cause 
trouble. 
Don't 
ignore 
this first 
step, 
because 
it's 


important. 
If you invest in an induction 
coil spark gener- 


ator just because your application 
is automotive, 
you'll be 
straining 
at the gnat 
and 
swallowing 
the camel. 
Spark 


plug 
noise 
is 
the 
least 
of 
your 
worries 
in 
that 


environment. 


The 
second 
step is to generate 
the electrical 
noise in a 


controlled 
manner. This is usually more difficult than first 


imagined; 
one first imagines the simulation 
in terms of a 


waveform 
generator 
and a few spare parts, and then finds 


that 
a wideband 
power 
amplifier 
with a 200V dynamic 


range is also required. 
A good source of information 
on 


who supplies what noise-simulating 
equipment 
is the 1981 


"ITEM" 
Directory and Design Guide (reference 6). 


A major problem 
that EM I can cause in digital systems is 
intermittent 
operational 
malfunction. 
These 
software 
upsets occur when the system is in operation 
at the time 


an EM I source is activated, 
and are usually characterized 


by a loss of information 
or a jump 
in the execution 
of 


the program 
to some random 
location 
in memory. 
The 


person who has to iron out such problems 
is tempted 
to 
say the program 
counter 
went crazy. There is usually no 


damage 
to 
the 
hardware, 
and 
normal 
operation 
can 
resume as soon as the EM I has passed or the source 
is 


de-activated. 
Resuming 
normal 
operation 
usually requires 


manual 
or automatic 
reset, and 
possibly 
re-entering 
of 


lost information. 


Electrostatic 
discharges 
from 
operating 
personnel 
can 
cause 
not 
only 
software 
upsets, 
but 
also 
permanent 


("hard') 
damage 
to the system. 
For 
this to happen 
the 
system doesn't 
even have to be in operation. 
Sometimes 


the permanent 
damage 
is latent, meaning 
the initial dam- 


age 
may 
be 
marginal 
and 
require 
further 
aggravation 
through 
operating 
stress and time before permanent 
fail- 


ure takes place. Sometimes 
too the damage is hidden. 


One ESD-related 
failure mechanism 
that has been identi- 


fied has to do with the bias voltage 
on the substrate 
of 


the chip. 
On some 
CPU 
chips 
the substrate 
is held at 


-2.5V 
by a phase-shift 
oscillator 
working 
into a capaci- 


tor/diode 
clamping circuit. This is called a "charge pump" 


in chip-design 
circles. If the substrate 
wanders 
too far in 
either 
direction. 
program 
read 
errors 
are 
noted. 
Some 


designs have been known 
to allow electrostatic 
discharge 
currents 
to flow directly 
into port 
pins of an 8048. The 


resulting damage 
to the oxide causes an increase in leak- 
age current, 
which loads down the charge pump, reducing 


the substrate 
voltage to a marginal 
or unacceptable 
level. 


The system 
is then 
unreliable 
or completely 
inoperative 


until the CPU chip is replaced. 
But if the CPU chip was 


subjected 
to a discharge 
spark 
once, 
it will eventually 


happen again. 


Chips that have a grounded 
substrate, 
such as the 8748, 
can sometimes 
sustain 
some oxide damage 
without 
actu- 
ally 
becoming 
inoperative. 
In this 
case 
the 
damage 
is 


present, 
and the increased 
leakage current 
is noted; 
how- 
ever, since the substrate 
voltage 
retains 
its design 
value, 


the damage is largely hidden. 
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It must therefore 
be recognized that connecting 
port pins 
unprotected 
to a keyboard 
or to anything 
else that is sub- 
ject to electrostatic 
discharges, 
makes an extremely 
dan- 


gerous configuration. 
It doesn't 
make any difference what 


CPU chip is being used, or who makes it. If it connects 
unprotected 
to a keyboard, 
it will eventually be destroyed. 


Designing 
for 
an 
ESD-environment 
will 
be 
discussed 


further on. 


We might 
note here that 
MOS 
chips are 
not the only 
components 
that are susceptible 
to permanent 
ESD dam- 
age. Bipolar and linear chips can also be damaged 
in this 
way. PN junctions 
are subject 
to a hard 
failure mecha- 


nism called 
thermal 
secondary 
breakdown, 
in which 
a 
current 
spike, 
such 
as 
from 
an 
electrostatic 
discharge, 
causes 
microscopically 
localized 
spots in the junction 
to 
approach 
melt temperatures. 
Low power 
TIL 
chips are 
subject to this type of damage, as are op-amps. 
Op-amps, 
in addition, 
often carry 
on~hip 
MOS 
capacitors 
which 


are directly across an external 
pin combination, 
and these 
are susceptible to dielectric breakdown. 


We return 
now to the subject 
of software 
upsets. 
Noise 
transients 
can 
upset 
the chip through 
any pin, even an 


output 
pin, because every pin on the chip connects 
to the 
substrate 
through 
a 
pn junction. 
However, 
the 
most 
vulnerable 
pin 
is probably 
the 
VCC 
line, since it has 
direct access to all parts of the chip: every register, gate, 
flip-flop and buffer. 


The menu of possible upset mechanisms 
is quite lengthy. 
A transient 
on the substrate 
at the wrong time will gener- 


ally cause a program 
read error. A false level at a control 


input 
can 
cause 
an 
extraneous 
or 
misdirected 
opcode 
fetch. A disturbance 
on the supply 
line can flip a bit in 


the program 
counter 
or instruction 
register. A short inter- 


ruption 
or 
reversal 
of polarity 
on 
the 
supply 
line can 


actually 
turn 
the processor 
off, but not long enough 
for 


the power-up 
reset capacitor 
to discharge. 
Thus when the 
transient ends, the chip starts up again without a reset. 


A common 
failure mode is for the processor 
to lock itself 
into a tight loop. Here it may be executing 
the data in a 
table, or the program 
counter 
may have jumped 
a notch, 
so that the processor 
is now executing 
operands 
instead 


of opcodes, 
or it may be trying to fetch opcodes 
from a 
nonexistent 
external program 
memory. 


It should be emphasized 
that mechanisms 
for upsets have 
to do with the arrival 
of noise-induced 
transients 
at the 
pins of the chips, rather than with the generation 
of noise 
pulses within the chip itself, that is, it's not the chip that 
is picking up noise, it's the circuit. 


Prevention 
is usually 
cheaper 
than 
suppression, 
so first 


we1l consider some preventive methods that might help to 


minimize 
the generation 
of noise voltages 
in the circuit. 


These 
methods 
involve grounding, 
shielding, 
and 
wiring 


techniques 
that 
are directed 
toward 
the mechanisms 
by 


which 
noise voltages 
are generated 
in the circuit. 
We 11 
also discuss 
methods 
of decoupling. 
Then 
we11 look at 
some schemes for making a graceful recovery from upsets 
that 
occur 
in spite of preventive 
measures. 
Lastly, 
we1l 
take another 
look at two special problem 
areas: electro- 


static discharges and the automotive 
environment. 


The first thing most people learn about 
electricity 
is that 
current 
won't 
flow unless it can flow in a closed 
loop. 


This 
simple 
fact is sometimes 
temporarily 
forgotten 
by 


the overworked 
engineer 
who has spent the past several 
years mastering 
the intricacies of the DO loop, the timing 


loop, 
the 
feedback 
loop, 
and 
maybe 
even 
the 
ground 


loop. The simple current 
loop probably 
owes its apparent 


demise 
to 
the 
invention 
of the 
ground 
symbol. 
By a 
stroke 
of the pen one avoids 
having to draw 
the return 


paths 
of most of the current 
loops in the circuit. 
Then 
"ground" 
turns 
into an infinite current 
sink, so that any 


current 
that flows into it is gone and forgotten. 
Forgotten 
it may be, but it's not gone. It must return 
to its source, 


so that 
its path 
will by all the laws of nature 
form 
a 
closed loop. 


The physical geometry 
of a given current 
loop is the key 


to why it !!enerates EMI, why it's susceptible to EMI, and 
how to st,ield it. Specifically, 
it's the area of the loop that 


matters. 


Any 
flow of current 
generates 
a magnetic 
field whose 


intensity 
varies 
inversely 
to the distance 
from 
the 
wire 
that 
carries 
the current. 
Two 
parallel 
wires conducting 
currents 
+1 and -I (as in signal feed and 
return 
lines) 
would generate 
a nonzero 
magnetic 
field near the wires, 


where 
the 
distance 
from 
a given 
point 
to one 
wire is 


noticeably 
different 
from the distance 
to the other 
wire, 


but farther 
away (relative to the wire spacing), where the 


distances 
from a given point to either wire are about 
the 
same, the fields from both wires tend to cancel out. Thus, 
maintaining 
proximity 
between 
feed and 
return 
paths 
is 
an 
important 
way 
to 
minimize 
their 
interference 
with 
other 
signals. 
The 
way 
to 
maintain 
their 
proximity 
is 
essentially 
to minimize 
their loop area. And, because the 


mutual inductance 
from current 
loop A to current 
loop B 


is the same as the mutual inductance 
from current 
loop B 


to current 
loop A, a circuit that doesn't 
radiate 
interfer- 
ence doesn't receive it either. 


Thus, from the standpoint 
of reducing both generation 
of 
EMl 
and susceptibility 
to EMI, 
the hard 
rule is to keep 


loop areas small. To say that loop areas should 
be min- 


imized is the same as saying the circuit inductance 
should 


be minimized. 
In<;luctance is by definition 
the constant 
of 


proportionality 
between current 
and the magnetic field it 


produces: 
eJ> = LI. Holding the feed and return wires close 


together 
so as to promote 
field cancellation 
can be de- 


scribed either as minimizing 
the loop area or as minimiz- 


ing L. It's the same thing. 


There 
are three 
basic kinds of shields: shielding 
against 


capacitive 
coupling, 
shielding 
against 
inductive 
coupling, 
and 
RF 
shielding. 
Capacitive 
coupling 
is electric 
field 


coupling, 
so shielding 
against 
it amounts 
to 
shielding 


against 
electric 
fields. As will be seen, this is relatively 
easy. 
Inductive 
coupling 
is magnetic 
field coupling, 
so 


shielding 
against 
it is shielding 
against 
magnetic 
fields. 


This is a little more difficult. Strangely 
enough, 
this type 


of shielding does not in general 
involve the use of mag- 


netic materials. 
RF shielding, 
the classical "metallic 
bar- 


rier" against 
all sorts 
of electromagnetic 
fields, is what 


most people picture when they think about 
shielding. 
Its 
effectiveness depends 
partly on the selection of the shield- 


ing material, 
but mostly, as it turns out, on the treatment 


of its seams and the geometry of its openings. 


SHIELDING 
AGAINST 
CAPACITIVE 
COUPLING 


Capacitive 
coupling 
involves 
the 
passage 
of interfering 


signals through 
mutual 
or stray capacitances 
that 
aren't 


shown on the circuit diagram, 
but which the experienced 


engineer 
knows 
are 
there. 
Capacitive 
coupling 
to one's 
body 
is 
what 
would 
cause 
an 
unstable 
oscillator 
to 


change 
its frequency 
when 
the person 
reaches 
his hand 


over the circuit, for example. 
More importantly, 
in a dig- 


ital system it causes crosstalk in multi-wire cables. 


The 
way to block 
capacitive 
coupling 
is to enclose 
the 
circuit 
or 
conductor 
you 
want 
to 
protect 
in a 
metal 


shield. That's 
called an electrostatic 
or Faraday 
shield. If 


coverage 
is 
100%, 
the 
shield 
does 
not 
have 
to 
be 
grounded, 
but it usually is, to ensure that circuit-to-shield 


capacitances 
go to signal reference ground 
rather than act 


as 
feedback 
and 
crosstalk 
elements. 
Besides, 
from 
a 


mechanical 
point 
of 
view, 
grounding 
it 
is 
almost 


inevitable. 


A grounded 
Faraday 
shield can be used to break capaci- 


tive coupling 
between ,a noisy circuit and a victim circuit, 
as 
shown 
in 
Figure 
4. 
Figure 
4A 
shows 
two 
circuits 


capacitively 
coupled 
through 
the 
stray 
capacitance 
be- 


tween them. 
In Figure 4B the stray capacitance 
is inter- 


cepted by a grounded 
Faraday 
shield, so that interference 


currents 
are shunted 
to ground. 
For example, a grounded 


plane 
can 
be 
inserted 
between 
PCBs 
(printed 
circuit 


boards) 
to 
eliminate 
most 
of 
the 
capacitive 
coupling 


between them. 


trostatically 
shielded transformer. 
Here, a conducting 
foil 
is laid between 
the primary 
and secondary 
coils so as to 


intercept 
the capacitive 
coupling 
between 
them. 
If a sys- 


tem 
is being 
upset 
by AC 
liRe transients, 
this type of 


transformer 
may provide 
the fix. To be effective in this 


application, 
the shield must 
be connected 
to the green- 


wire ground. 


SHIELDING 
AGAINST 
INDUCTIVE 
COUPLING 


With inductive coupling, 
the physical mechanism 
involved 


is a magnetic flux density B from some external 
interfer- 
ence source 
that links with a current 
loop in the victim 


circuit, and generates a voltage in the loop in accordance 
with Lenz's law: v = -NA(dBjdt), 
where in this case N = 
I and 
A is the area 
of the current 
loop 
in the victim 
circuit. 


There 
are 
two 
aspects 
to 
defending 
a 
circuit 
against 


inductive 
pickup. 
One aspect 
is to try to minimize 
the 


offensive fields at their source. This is done by minimizing 
the area 
of the current 
loop at the source so as to pro- 
mote field cancellation, 
as described in the section on cur- 


rent loops. The other aspect is to minimize the inductive 
pickup in the victim circuit by minimizing 
the area of that 


current 
loop, since, from Lenz's law, the induced 
voltage 


is proportional 
to this area. 
So the two aspects 
really 


involve the same corrective 
action: 
minimize the areas of 


the current 
loops. 
In other words, 
minimizing 
the offen- 
siveness of a circuit inherently minimizes its susceptibility. 
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Shielding 
against 
inductive coupling 
means nothing 
more 
nor 
less than 
controlling 
the dimensions 
of the current 
loops 
in the circuit. 
We must look at four examples 
of 
this type of "shielding": the coaxial cable, the twisted pair, 
the ground plane, and the gridded-ground 
PCB layout. 


The Coaxial Cable - 
Figure 
5 shows a coaxial 
cable 


carrying 
a current 
I from a signal source 
to a receiving 
load. 
The shield carries 
the same current 
as the center 
conductor. 
Outside 
the 
shield, 
the 
magnetic 
field 
pro- 
duced 
by +1 flowing in the center conductor 
is cancelled 


by the field produced 
by -I flowing in the shield. To the 


extent 
that the cable is ideal in producing 
zero external 


magnetic 
field, 
it is immune 
to inductive 
pickup 
from 


external 
sources. 
The cable adds effectively zero area to 


the loop. This is true only if the shield carries the same 
current as the center cond uctor. 


In the real world, both the signal source and the receiving 
load are likely to have one end connected 
to a common 


signal ground. 
In that case, should the cable be grounded 


at one end, both ends, or neither end? The answer is that 
it should be grounded 
at both ends. Figure 6A shows the 


situation 
when the cable shield is grounded 
at only one 


end. 
In that case the current 
loop runs down the center 


conductor 
of the cable, then back through 
the common 


ground 
connection. 
The 
loop 
area 
is not 
well defined. 
The shield not only does not carry 
the same current 
as 


the center conductor, 
but it doesn't 
carry any current 
at 


all. There is no field cancellation 
at all. The shield has no 


effect whatsoever 
on either the generation 
of EMI or sus- 


ceptibility 
to EM l. (It 
is, however, 
still effective as an 


electrostatic 
shield, or at least it would 
be if the shield 


coverage were 100%.) 


Figure 6B shows the situation 
when the cable is grounded 


at both ends. Does the shield carryall 
of the return 
cur- 


rent, or only a portion 
of it on account 
of the shunting 


effect of the common 
ground· connection? 
The answer to 


that 
question 
depends 
on the frequency 
content 
of the 


signal. In general, the current 
loop will follow the path of 


least impedance. 
At low frequencies, OHz to several kHz, 
where the inductive 
reactance 
is insignificant, 
the current 


will follow the path of least resistance. 
Above a few kHz, 
where inductive 
reactance 
predominates, 
the current 
will 


follow 
the 
path 
of least 
inductance. 
The 
path 
of least 
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inductance 
is the path of minimum 
loop area. Hence, for 


higher 
frequencies 
the 
shield carries 
virtually 
the 
same 


current 
as the center conductor, 
and is therefore 
effective 
against both generation and reception of EMl. 


Note that we have now introduced 
the famous 
"ground 


loop" 
problem, 
as shown 
in Figure 
7A. Fortunately, 
a 


digital 
system 
has some 
built-in 
immunity 
to moderate 


ground 
loop noise. In a noisy environment, 
however, one 


can break the ground 
loop, and still maintain 
the shield- 


ing effectiveness of the coaxial cable, by inserting an opti- 
cal coupler, 
as shown 
in Figure 
7B. What 
the 
optical 
coupler does, basically, is allow us to re-{jefine the signal 
source as being ungrounded, 
so that that end of the cable 


need not be grounded, 
and still lets the shield carry the 


same current 
as the center 
conductor. 
Obviously, 
if the 


signal source weren't grounded 
in the first place, the opti- 


cal coupler wouldn't be needed. 


The Twisted Pair - 
A cheaper 
way to minimize 
loop 


area is to run the feed and return wires right next to each 
other. This isn't as effective as a coaxial cable in minimiz- 
ing loop area. 
An ideal coaxial 
cable adds 
zero area 
to 


the 
loop, 
whereas 
merely 
keeping 
the feed and 
return 


wires next to each other is bound to add a finite area. 


However, 
two things work to make this cheaper 
method 


almost 
as good 
as a coaxial 
cable. 
First, 
real coaxial 


cables are not ideal. If the shield current 
isn't evenly dis- 


tributed 
around 
the 
center 
conductor 
at 
every 
cross- 
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section of the cable (it isn't), then field cancellation 
exter- 


nal to the 
shield 
is incomplete. 
If field cancellation 
is 
incomplete, 
then the effective area added 
to the loop by 
the cable 
isn't zero. Second, 
in the cheaper 
method 
the 
feed and 
return 
wires can be twisted 
together. 
This not 


only maintains 
their proximity, 
but the noise picked up in 


one twist tends to cancel out the noise picked up in the 
next 
twist down 
the line. Thus 
the ~twisted pair" 
turns 
out to be about 
as good a shield against 
inductive coup- 
ling as coaxial cable is. 


The twisted pair does not, however, 
provide electrostatic 


shielding 
(i.e., 
shielding 
against 
capacitive 
coupling). 
Another 
operational 
difference 
between 
them is that the 
coaxial 
cable works 
better 
at higher frequencies. 
This is 
primarily 
because 
the twisted 
pair adds 
more capacitive 
loading 
to the signal source than the coaxial 
cable does. 


The twisted pair is normally 
considered 
useful up to only 


about 
IMHz, 
as opposed 
to near a GHz for the coaxial 


cable. 


The Ground Plane - 
The best way to minimize 
loop 


areas when many current 
loops are involved 
is to use a 
ground 
plane. 
A ground 
plane 
is a conducting 
surface 


that is to serve as a return 
conductor 
for all the current 


loops in the circuit. Normally, 
it would be one or more 


layers of a multilayer 
PCB. All ground 
points 
in the cir- 
cuit go not to a grounded 
trace on the PCB, but directly 
to the ground 
planc. This leaves each current 
loop in the 
circuit 
free to complete 
itself in whatever 
configuration 


yields minimum 
loop area 
(for frequencies 
wherein 
the 


ground path impedance is primarily inductive). 


Thus, 
if the feed path for a given signal zigzags its way 


across the PCB, the return 
path for this signal is free to 
zigzag right along beneath 
it on the ground 
plane, in such 
a configuration 
as to 'minimize the energy 
stored 
in the 


magnetic 
field produced 
by this current 
loop. 
Minimal 
magnetic flux means minimal effective loop area and min- 
imal susceptibility to inductive coupling. 


The Gridded-Ground 
PCB 
Layout - 
The 
next best 


thing to a ground 
plane is to layout 
the ground 
traces on 


a PCB in the form of a grid structure, 
as shown in Figure 


8. Laying horizontal 
traces on one side of the board and 
vertical traces on the other side allows the passage of sig- 
nal and 
power 
traces. 
Wherever 
vertical 
and 
horizontal 


ground 
traces 
cross, 
they 
must 
be 
connected 
by 
a 


feed-through. 


Have we not created 
here a network 
of "ground 
loops"? 


Yes, in the literal 
sense of the word, 
but 
loops 
in the 


ground 
layout on a PCB are not to be feared. Such inof- 


fensive little loops have never caused as much noise pick- 
up as their avoidance 
has. Trying to avoid innocent 
little 


loops 
in the ground 
layout, 
PCB designers 
have forced 
current 
loops into geometries 
that could swallow a whale. 


That is exactly the wrong thing to do. 


The gridded ground 
structure 
works almost as well as the 


ground 
plane, 
as far as minimizing 
loop 
area 
is con- 
cerned. 
For a given current 
loop, the primary 
return path 
may have to zig once in a while where its feed path zags, 


but you still get a mathematically 
optimal 
distribution 
of 


currents 
in the grid structure, 
such that the current 
loop 


produces 
less magnetic 
flux than if the return 
path were 


restrained 
to follow any single given ground 
trace. The 


key to attaining 
minimum 
loop areas for all the current 


loops 
together 
is to 
let the 
ground 
currents 
distribute 


themselves 
around 
the entire area of the board 
as freely 
as possible. 
They want to minimize 
their own magnetic 
field. Just let them. 


RF SHIELDING 
A 
time-varying 
electric 
field 
generates 
a 
time-varying 


magnetic 
field, and vice versa. Far from the source of a 


time-varying 
EM field, the ratio of the amplitudes 
of the 
electric and magnetic 
fields is always 377 ohms. Up close 


to the 
source 
of the 
fields, however, 
this ratio 
can 
be 
quite 
different, 
and 
dependent 
on 
the 
nature 
of 
the 
source. 
Where the ratio is near 377 ohms is called the far 


field, and 
where 
the ratio 
is significantly 
different 
from 


377 ohms is called the near field. The ratio itself is called 
the wave impedance, 
E/ H. 


The near field goes out about 
1/6 of a wavelength 
from 


the 
source. 
At 
IM Hz 
this 
is about 
150 feet, 
and 
at 


IOMHz it's about 
15 feel. That 
means if an EMI source 


is in the same room 
with the victim circuit, 
it's likely to 
be a near fie1d problem. 
The reason this matters is that in 


the 
near 
field 
an 
RF 
interference 
problem 
could 
be 
almost 
entirely 
due to 
E-field coupling 
or H-field cou- 


pling, and that could influence the choice of an RF shield 
or whether an RF shield will help at all. 


In the near 
field of a whip antenna, 
the 
E/ H ratio 
is 


higher than 377 ohms, which means it's mainly an E-field 
generator. 
A wire-wrap 
post 
can 
be a 
whip 
antenna. 


Interference 
from 
a whip antenna 
would 
be by electric 


field 
coupling, 
which 
is 
basically 
capacitive 
coupling. 
Methods 
to protect 
a circuit 
from 
capacitive 
coupling, 


such as a Faraday 
shield, would be effective against 
RF 


interference 
from 
a 
whip 
antenna. 
A 
gridded-ground 
structure would be less effective. 


In the 
near 
field of a loop 
antenna, 
the 
E/ H ratio 
is 


lower than 377 ohms, which means it's mainly an H-field 
generator. 
Any current 
loop is a loop antenna. 
Interfer- 


ence from 
a loop antenna 
would 
be by magnetic 
field 


coupling, 
which 
is basically 
the same as inductive 
cou- 


pling. 
Methods 
to protect 
a circuit 
from 
inductive 
cou- 


pling, such as a gridded-ground 
structure, 
would be effec- 


tive against 
RF 
interference 
from 
a 
loop 
antenna. 
A 


Faraday 
shield would be less effective. 


A more difficult case of RF interference, 
near field or far 


field, may require a genuine 
metallic RF shield. The idea 


behind 
RF 
shielding 
is that 
time-varying 
EMI 
fields 


induce 
currents 
in the 
shielding 
material. 
The 
induced 
currents 
dissipate 
energy 
in two ways: J2R losses in the 
shielding 
material 
and 
radiation 
losses as they re-radiate 
their own EM fields. The energy for both of these mech- 
anisms 
is drawn 
from the impinging 
EMI 
fields. Hence 


the EM I is weakened as it penetrates 
the shield. 


More 
formally, 
the J2R losses are referred 
to as absorp- 


tion loss, and the re-radiation 
is called reflection 
loss. As 


it turns 
out, 
absorption 
loss 
is the 
primary 
shielding 


mechanism 
for H-fields, and reflection loss is the primary 
shielding 
mechanism 
for E-fields. Reflection 
loss, being a 
surface 
phenomenon, 
is pretty 
much 
independent 
of the 


thickness 
of the shielliing material. 
Both loss mechanisms, 


however, 
are 
dependent 
on 
the 
frequency 
(w) 
of 
the 


impinging 
EMI 
field, and 
on the permeability 
(I-') and 
conductivity 
(0) 
of 
the 
shielding 
material. 
These 
loss 


mechanisms 
vary approximately 
as follows: 


reflection loss to an E-field (in dB) - 
log ...!!..- 
WI-' 


where t is the thickness of the shielding material. 


The 
first 
expression 
indicates 
that 
E-field 
shielding 
is 


more effective if the shield material 
is highly conductive, 
and less effective if the shield is ferromagnetic, 
and that 


low-frequency 
fields 
are 
easier 
to 
block 
than 
high- 


frequency fields. This is shown in Figure 9. 
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Copper 
and aluminum 
both have the same permeability, 
but copper 
is slightly more conductive, 
and so provides 
slightly greater 
reflection 
loss to an E-field. Steel is less 


effective for two reasons. 
First, 
it has a somewhat 
ele- 
vated permeability 
due to its iron content, and, second, as 
tends 
to be the case with magnetic 
materials, 
it is less 
cond uctive. 


On 
the 
other 
hand, 
according 
to 
the 
expression 
for 


absorption 
loss to an 
H-field, 
H-field shielding 
is more 
effective at 
higher 
frequencies 
and 
with shield 
material 


that has both high conductivity 
and high permeability. 
In 
practice, 
however, 
selecting steel for its high permeability 
involves 
some 
compromise 
in 
conductivity. 
But 
the 
increase 
in permeability 
more 
than 
makes 
up 
for 
the 
decrease in conductivity, 
as can be seen in Figure 10. This 
figure also shows the effect of shield thickness. 


A composite 
of E-field and 
H-field shielding is shown in 


Figure 
11. However, 
this type of data 
is meaningful 
only 
in the far field. In the near field the EM I could be 90% 
H-field, 
in which case the reflection 
loss is irrelevant. 
It 


would be advisable 
then to beef up the absorption 
loss, at 


the expense 
of reflection 
loss, by choosing 
steel. A better 


conductor 
than 
steel might 
be less expensive, 
but quite 
ineffective. 


A different shielding mechanism 
that can be taken advan- 


tage of for low frequency 
magnetic 
fields is the ability of 


a high permeability 
material 
such as mumetal 
to divert 
the field by presenting 
a very low reluctance 
path to the 
magnetic flux. Above a few kHz, however, the permeabil- 
ity of such materials is the same as steel. 


In actual 
fact the selection 
of a shielding 
material 
turns 
out 
to 
be less important 
than 
the 
presence 
of seams, 
joints and holes in the physical structure 
of the enclosure. 
The shielding mechanisms 
are related- to the induction 
of 


currents 
in the shield material, 
but the currents 
must be 
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Figure 11. 
E- and H-Field Shielding 


allowed to flow freely. If they have to detour 
around 
slots 


and holes, as shown 
in Figure 
12, the shield loses much 


of its effectiveness. 


As can be seen in Figure 
12, the severity of the detour 
has less to do with the area of the hole than it does with 
the geometry 
of the hole. 
Comparing 
Figure 
12C with 


12D shows 
that 
a long narrow 
discontinuity 
such as a 
seam can cause 
more 
RF 
leakage 
than 
a line of holes 


with larger 
total 
area. 
A person 
who is responsible 
for 


designing 
or selecting 
rack 
or chassis 
enclosures 
for an 


EMI 
environment 
needs 
to be familiar 
with 
the 
tech- 


niques that are available 
for maintaining 
electrical conti- 
nuity 
across 
seams. 
Information 
on 
these techniques 
is 


available in the references. 


There are two kinds of grounds: 
earth-ground 
and signal 
ground. 
The 
earth 
is not 
an 
equipotential 
surface, 
so 


earth ground 
potential 
varies. That and its other electrical 
properties 
are not conducive 
to its use as a return 
con- 
ductor 
in a circuit. However, 
circuits are often connected 


to earth ground 
for protection 
against shock hazards. The 
other 
kind 
of ground, 
signal 
ground, 
is an 
arbitrarily 


selected reference node in a circuit-the 
node with respect 
to which other node voltages in the circuit are measured. 


SAFETY GROUND 
The standard 
3-wire single-phase 
AC power distribution 
system 
is represented 
in Figure 
13. The 
white 
wire is 


earth-grounded 
at the service entrance. 
If a load circuit 


has a metal enclosure 
or chassis, 
and 
if the black 
wire 


develops 
a short 
to the enclosure, 
there will be a shock 


hazard 
to operating 
personnel, 
unless the enclosure 
itself 


is earth-grounded. 
If the enclosure 
is earth-grounded, 
a 


t 
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short 
results in a blown 
fuse rather 
than 
a "hot" 
enclo- 


sure. 
The 
earth-ground 
connection 
to 
the 
enclosure 
is 


called 
a 
safety 
ground. 
The 
advantage 
of 
the 
3-wire 


power system is that it distributes 
a safety ground 
along 


with the power. 


Note 
that 
the 
safety-ground 
wire 
carries 
no 
current, 


except 
in case of a fault, so that at least for low frequen- 


cies it's at earth-ground 
potential 
along 
its entire 
length. 


The white wire, on the other 
hand, 
may be several volts 


off ground, due to the IR drop along its length. 
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SIGNAL GROUND 
Signal ground 
is a single point in a circuit 
that is desig- 


nated to be the reference node for the circuit. Commonly, 
wires that connect to this single point are also referred to 
as "signal 
ground." 
In some circles "power 
supply 
com- 


mon" or PSC is the preferred 
terminology 
for these con- 


ductors. 
In any case, 
the manner 
in which 
these 
wires 


connect 
to the actual 
reference 
point 
is the basis of dis- 


tinction 
among 
three 
kinds 
of 
signal-ground 
wiring 


methods: 
series, parallel, 
and 
multipoint. 
These 
methods 


are shown in Figure 14. 


The series connection 
is pretty common 
because it's sim- 


ple and economical. 
It's the noisiest of the three, however, 


due to common 
ground 
impedance 
coupling 
between 
the 


circuits. 
When several circuits share a ground 
wire, cur- 


rents 
from 
one circuit, 
flowing through 
the finite impe- 


dance of the common 
ground 
line. cause variations 
in the 


ground 
potential 
of the other circuits. Given that the cur- 


rents in a digital 
system tend to be spiked, 
and that the 


common 
impedance 
is mainly 
inductive 
reactance, 
the 


variations 
could be bad enough to cause bit errors in high 


current or particularly 
noisy situations. 


The 
parallel 
connection 
eliminates 
common 
ground 


impedance 
problems. 
but uses a lot of wire. Other disad- 


vantages 
are that the impedance 
of the individual 
ground 


lines can be very high. and the ground 
lines themselves 


can become sources of EMf. 


In the multipoint 
system, ground 
impedance 
is minimized 


by using a ground 
plane 
with the various 
circuits 
con- 


nected to it by very short ground 
leads. This type of con- 


nection 
would 
be 
used 
mainly 
in 
RF 
circuits 
above 


10M Hz. 


PRACTICAL 
GROUNDING 
A 
combination 
of 
series 
and 
parallel 
ground-wiring 


methods 
can be used to trade 
off economic 
and the var-, 


ious 
electrical 
considerations. 
The 
idea 
is to run 
series 
connections 
for circuits that have similar noise properties, 
and 
connect 
them 
at a single reference 
point, 
as in the 


parallel method, as shown in Figure 15. 


In Figure 
15, "noisy 
signal ground~ 
connects 
to things 
like motors 
and 
relays. 
Hardware 
ground 
is the safety 
ground 
connection 
to chassis, 
racks, and cabinets. 
It's a 


mistake 
to use the hardware 
ground 
as a return 
path for 


signal currents 
because 
it's fairly noisy (for example, 
it's 


the hardware 
ground 
that 
receives an 
ESD 
spark) 
and 


tends 
to have 
high resistance 
due to joints 
and 
seams. 
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Screws and bolts don't always make good electrical con- 
nections 
because 
of galvanic 
action, 
corrosion, 
and dirt. 


These 
kinds of connections 
may work 
well at first, and 


then c~use mysterious maladies as the system ages. 


Figure 
16 illustrates a grounding 
system for a 9-track dig- 
ital tape 
recorder, 
showing 
an application 
of the series/ 


parallel ground-wiring 
method. 


Figure 
17 shows a similar 
separation 
of grounds 
at the 


PCB level. Currents 
in rr.ultiplexed 
LED displays tend to 


put a lot of noise on the ground 
and supply lines because 
of the constant 
switching 
and 
changing 
involved 
in the 


scanning 
process. The segment driver ground 
is relatively 


quiet, 
since 
it doesn't 
conduct 
the 
LED 
currents. 
The 


digit 
driver 
ground 
·is noisier, 
and 
should 
be provided 


with a separate 
path to the PCB ground 
terminal, 
even if 


the 
PCB ground 
layout 
is gridded. 
The 
LED 
feed and 


return 
current 
paths should be laid out on opposite 
sides 


of the board like parallel flat conductors. 


Figure 
18 shows right and wrong 
ways to make ground 


connections 
in racks. Note that the safety ground 
connec- 
tions from panel to rack are made through 
ground 
straps, 


not panel screws. Rack I correctly connects signal ground 
to rack ground 
only at the single reference 
point. 
Rack 2 


incorrectly 
connects 
signal ground 
to rack ground 
at two 


points, creating a ground loop around 
points 1,2, 3,4, 
J. 


Breaking 
the "electronics 
ground ~ connection 
to point 
I 


eliminates 
the ground 
loop, 
but leaves signal ground 
in 


rack 
2 sharing 
a ground 
impedance 
with the 
relatively 


noisy hardware 
ground 
to the reference 
point; 
in fact, it 


may end up using hardware 
ground 
as a return 
path for 
signal 
and 
power 
supply 
currents. 
This 
will 
probably 


cause more problems than the ground 
loop. 


BRAIDED CABLE 
Ground 
impedance 
problems 
can be virtually 
eliminated 


by using 
braided 
cable. 
The 
reduction 
in impedance 
is 


due to skin effect: At higher frequencies 
the current 
tends 


to flow along the surface of a conductor 
rather than uni- 
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Figure 18. 
Electronic Circuits Mounted in Equipment Racks Should Have Separate Ground Connections. 
Rack 1 Shows Correct Grounding, Rack 2 Shows Incorrect Grounding 


formly 
through 
its 
bulk. 
While 
this 
effect 
tends 
to 
increase the impedance 
of a given conductor, 
it also indi- 


cates 
the 
way 
to 
minimize 
impedance, 
and 
that 
is to 
manipulate 
the shape of the cross-section 
so as to provide 


more 
surface area. 
For its bulk, braided 
cable is almost 


pure surface. 


The 
main 
consideration 
for 
power 
supply 
distribution 


lines is, as for signal lines, to minimize 
the areas of the 


current 
loops. 
But the 
power 
supply 
lines take 
on an 


importance 
that no signal line has when one considers the 
fact that these lines have access to every PC board 
in the 


system. 
The 
very 
extensiveness 
of 
the 
supply 
current 


loops makes 
it difficult to keep loop areas small. And, a 
noise glitch on a supply line is a glitch delivered to every 
board in the system. 


The power 
supply provides 
low-frequency 
current 
to the 
load, but the inductance 
of the board-to-board 
and chip- 


to-ehip 
distribution 
network 
makes 
it difficult 
for 
the 


power 
supply 
to maintain 
VCC specs on the chip while 


providing 
the current 
spikes that a digital system requires. 
In addition, 
the power supply current 
loop is a very large 


one, 
which 
means 
there 
will be a lot of noise pick-up. 
Figure 
19A shows a load circuit 
trying to draw current 


spikes from a supply voltage through 
the line impedance. 
To the VCC waveform 
shown 
in that figure should 
be 


added 
the inductive 
pick-up associated 
with a large loop 


area. 


Adding 
a decoupling 
capacitor 
solves two problems: 
The 


capacitor 
acts as a nearby source of charge to supply the 


current 
spikes through 
a smaller 
line impedance, 
and 
it 


defines a much smaller loop area for the highcr frequency 
components 
of EMf. 
This 
is illustrated 
in Figtire 
19B, 


which 
shows 
the capacitor 
supplying 
the current 
spike, 


during 
which VCC drops 
from 5V by the amount 
indi- 


cated 
in the figure. Between current 
spikes the capacitor 


recovers through the line impedance. 


One should 
resist the temptation 
to add a resistor 
or an 


inductor 
to the decoupler 
so as to form a genuine 
RC or 


LC 
low-pass 
filter 
because 
that 
slows 
down 
the 
speed 


with which the decoupler 
cap can be refreshed. 
Good fil- 


tering and good decoupling 
are not necessarily 
the same 


thing. 


The current 
loop for the higher frequency 
currents, 
then, 


is defined 
by the decoupling 
cap 
and 
the 
load 
circuit, 


rather than by the power supply and the load circuit. For 
the 
decoupling 
cap 
to 
be able 
to 
provide 
the 
current 


spikes required 
by the load, the inductance 
of this current 


loop must be kept small, which is the same as saying the 
loop area 
must be kept 
small. This is also the require- 


ment for minimizing inductive pick-up in the loop. 


There are two kinds of decoupling 
caps: board decouplers 


and chip decouplers. 
A board 
decoupler 
will normally 
be 


a 10 to IOO/Lfelectrolytic 
capacitor 
placed near to where 


the power supply enters the PC board, 
but its placement 


is 
relatively 
non-eritical. 
The 
purpose 
of 
the 
board 


decoupler 
is to refresh the charge on the chip decouplers. 


The chip decouplers 
are what actually provide the current 


spikes to the chips. A chip decoupler 
will normally 
be a 


0.1 to 
I/Lf ceramic 
capacitor 
placed 
near 
the chip and 


connected 
to the chip by traces that minimize the area of 


the 
loop 
formed 
by 
the 
cap 
and 
the 
chip. 
If a chip 


decoupler 
is not properly 
placed on the board, 
it will be 


ineffective as a decoupler 
and will serve only to increase 
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(B) Drawing 
Current 
Spikes 
from a Decoupling 
Capacitor 


the 
cost 
of 
the 
board. 
Good 
and 
bad 
placement 
of 
decoupling capacitors are illustrated in Figure 20. 


Power 
distribution 
traces 
on the PC board 
need to be 
laid out 
so as to obtain 
minimal 
area 
(minimal 
induc- 


tance) 
in 
the 
loops 
formed 
by 
each 
chip 
and 
its 


decoupler, 
and 
by the 
chip 
decouplers 
and 
the 
board 


decoupler. 
One way to accomplish 
this goal is to use a 
power 
plane. 
A power 
plane 
is the same as a ground 


plane, but at VCC potential. 
More economically, 
a power 


grid similar to the ground 
grid previously 
discussed (Fig- 
ure 8) can be used. Actually, 
if the chip decoupling 
loops 
are small, other aspects of the power layout are less criti- 
cal. 
In other 
words, 
power 
planes 
and 
power 
gridding 
aren't 
needed, but power traces should be laid in the clos- 


est possible proximity 
to ground 
traces, preferably 
so that 


There must be • very k>w Inctuctlince between decoupllng 
c.pacitor 
end the IC. 
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each 
power 
trace 
is on the direct 
opposite 
side of the 


board from a ground trace. 


Special-purpose 
power 
supply 
distribution 
buses 
which 


mount 
on the PCB are available. 
The buses use a parallel 


flat conductor 
configuration, 
one conductor 
being a VCC 


line and 
the 
other 
a ground 
line. Used in conjunction 
with a gridded 
ground 
layout, 
they not only provide 
a 


low-inductance 
distribution 
system, 
but 
can 
themselves 


form 
part 
of the ground 
grid, thus facilitating 
the PCB 


layout. 
The 
buses 
are 
available 
with 
and 
without 
enhanced 
bus capacitance, 
under 
the names 
Mini/ Bus@ 


and 
Q/PACf> 
from 
Rogers 
Corp. 
(5750 
E. McKellips, 


Mesa, AZ 85205). 


SELECTING 
THE VALUE OF THE 
OECOUPLING 
CAP 
The effectiveness 
of the decoupling 
cap has a lot to do 


with the way the power and ground 
traces connect 
this 


capacitor 
-10 the chip. 
In fact, the area 
formed 
by this 


loop is more important 
than the value of the capacitance. 


Then, given that the area of this loop is indeed minimal, 
it can generally 
be said that 
the larger the value of the 


decoupling 
cap, the more effective it is, if the cap has a 


mica, ceramic, glass, or polystyrene dielectric. 


It's often said, and not altogether 
accurately, 
that the chip 


decoupler 
shouldn't 
have too large a value. There are two 


reasons 
for this statement. 
One is that some capacitors, 


because of the nature of their dielectrics, 
tend to become 


inductive 
or lossy at higher 
frequencies. 
This is true of 


electrolytic 
capacitors, 
but mica, glass, ceramic, and poly- 


styrene 
dielectrics 
work 
well to several 
hundred 
MHz. 
The other 
reason cited for not using too large a capaci- 


tance has to do with lead inductance. 


The capacitor 
with its lead inductance 
forms a series LC 


circuit. 
Below the frequency 
of series resonance, 
the net 
impedance 
of the combination 
is capacitive. 
Above 
that 


frequency, 
the net impedance 
is inductive. 
Thus a decou- 


piing capacitor 
is capacitive 
only below the frequency 
of 
series resonance. This frequency is given by 


I 
fO = 2rr.J[E 


where C is the decoupling 
capacitance 
and L is the lead 


inductance 
between the capacitor 
and the chip. On a PC 


board 
this inductance 
is determined 
by the layout, and is 
the same 
whether 
the capacitor 
dropped 
into 
the PCB 


holes is 0.00 Iltf or Iltf. Thus, 
increasing 
the capacitance 


lowers the series resonant 
frequency. 
In fact, according 
to 


the resonant 
frequency 
formula, 
increasing 
C by a factor 


of 100 lowers the resonant frequency by a factor of 10. 


Figures 
quoted 
on 
the 
series 
resonant 
frequency 
of a 


O.Olltf capacitor 
run from 
10 to 15MHz, 
depending 
on 


the lead length. 
If these 
numbers 
were accurate, 
a Iltf 
capacitor 
in the same position 
on the board would have a 


resonant 
frequency 
of 1.0 to 1.5M Hz, and as a decoupler 
would do more harm than good. 
However, 
the numbers 
are based on a presumed 
inductance 
of a given length of 
wire (the lead length). It should be noted that a "length of 
wire" has no inductance 
at all, strictly speaking. 
Only a 
complete 
current 
loop has inductance, 
and the inductance 


depends 
on the geometry 
of the loop. Figures quoted 
on 


the inductance 
of a length 
of wire are based 
on a pre- 


sumably 
"very large" loop area, 
such that 
the magnetic 
field produced 
by the return 
current 
has no cancellation 


effect on the field produced 
by the current 
in the given 


length of wire. Such a loop geometry 
is not and should 


not be the case with the decoupling 
loop. 


Figure 21 shows VCC waveforms, 
measured 
between pins 
40 and 20 (VCC and VSS) of an 8751 CPU, 
for several 


conditions 
of decoupling 
on 
a 
PC 
board 
that 
has 
a 


decoupling 
loop area slightly larger than necessary. These 
photographs 
show the effects of increasing the decoupling 


capacitance 
and 
decreasing 
the 
area 
of the decoupling 


loop. 
The indications 
are that 
a Iltf capacitor 
is better 


than 
a 
O.lltf 
capacitor, 
which 
in 
turn 
is better 
than 


nothing, 
and 
that 
the board 
should 
have been laid out 


with more attention 
paid to the area 
of the decoupling 


loop. 


Figure 
21E was obtained 
using a special-pu~pose 
experi- 
mental capacitor 
designed 
by Rogers Corp. 
'~Pac 
Divi- 


sion, Mesa, AZ) for use as a decoupler. 
It con •• ts of two 


parallel plates, the length of a 4O-pin DIP, separated 
by a 


ceramic 
dielectric. 
Sandwiched 
between 
the 
CPU 
chip 
and the PCB (or between the CPU socket and the PCB), 
it makes connection 
to pins 40 and 20, forming a lead less 


decoupling 
capacitor. 
It is obviously 
a configuration 
of 


minimal 
inductance. 
Unfortunately, 
the particular 
sample 


tested had only 0.071tf of capacitance 
and so was unable 


to prevent 
the IMHz 
ripple as effectively as the configu- 
ration 
of Figure 
210. 
It seems apparent, 
though, 
that 


with 
more 
capacitance 
this 
part 
will alleviate 
a lot of 


decoupling 
problems. 


THE CASE FOR ON-BOARD 
VOLTAGE 
REGULATION 
To complicate 
matters, 
supply 
line glitches aren't 
always 


picked 
up 
in the distribution 
networks, 
but 
can 
come 


from the power supply circuit itself. In that case, a well- 
designed distribution 
network 
faithfully delivers the glitch 


throughout 
the system. The VCC glitch in Figure 22 W/lS 


found to be coming from within a bench power supply in 
response 
to 
the 
EMP 
produced 
by an 
induction 
coil 
spark 
generator 
that 
was being 
used at 
Intel during 
a 


study of noise sensitivity. The VCC glitch is about 400mV 
high and some 20ltsec in duration. 
Normal 
board decoup- 


ling techniques 
were ineffective in removing 
it, but adding 


an on-board 
voltage regulator chip did the job. 


Thus, 
a good case can be made in favor of using a vol- 


tage regulator 
chip on each PCB, instead of doing all the 


voltage 
regulation 
at 
the 
supply 
circuit. 
This 
eases 


requirements 
on 
the 
heat-sinking 
at 
the supply 
circuit, 


and alleviates 
much of the distribution 
and board 
decou- 
piing headaches. 
However, 
it also brings in the possibility 


that different boards would be operating 
at slightly differ- 


ent VCC 
levels due to tolerance 
in the regulator 
chips; 


this then leads to slightly different 
logic levels from board 


to board. The implications 
of that may vary from nothing 


to latch-up, 
depending 
on what kinds of chips are on the 


boards, 
and 
how 
they react 
to an input 
"high" 
that 
is 


perhaps 0.4V higher than local VCc. 


Recovering 
Gracefully 
from a Software 


Upset 


Even when one follows all the best guidelines 
for design- 


ing for a noisy environment, 
it's always 
possible 
for a 


noise 
transient 
to 
occur 
which 
exceeds 
the 
circuit's 


immunity 
level. In that case, one can strive at least for a 


graceful recovery. 


Graceful 
recovery 
schemes 
involve 
additi.onal 
hardware 


and/ or software 
which is supposed 
to return 
the system 


to a normal 
operating 
mode after a software 
upset 
has 


occurred. 
Two decisions have to be made: How to recog- 


nize when an upset 
has occurred, 
and 
what 
to do about 


it. 


(C) 0.11'1 Decoupler 
Stretched 
Directly 
from 
Pin 


40 to Pin 20, under 
the Socket 
(The 
differ- 


ence between this and 218 Is due only to the 
change 
in loop geometry. 
Also shown 
is the 


upward 
slope of a ripple in VCC' The ripple 


frequency 
Is 1MHz, the same as ALE.) 


(E) Special-Purpose 
Decoupllng Cap under Devel- 


opment 
by Rogers Corp. (Further 
discussion 


in text.) 


(D) 11'f Decoupler 
Stretched 
Directly 
from Pin 40 


to Pin 20, under 
the Socket. 
(This 
prevents 


the 1MHz ripple, 
but there's 
no reduction 
in 


higher 
frequency 
components. 
Further 


increases 
In capacitance 
effected 
no further 


improvement.) 


outputs 
can 
legally be generated 
by the system, 
he can 


use gates to recognize and flag the occurrence 
of an ille- 


gal state of affairs. The flag <;an then trigger a jump 
to a 
recovery 
routine 
which 
then 
may 
check 
or re-initialize 
data, 
perhaps 
output 
an 
error 
message, 
or generate 
a 
simple reset. 


The most reliable scheme is to use a so-<:alled watchdog 
circuit. 
Here the CPU is programmed 
to generate a peri- 
odic signal as long as the system is executing 
instructions 
in an expected 
manner. 
The periodic 
signal is then used 


to hold off a circuit that will trigger a jump to a recovery 
routine. 
The periodic 
signal needs to be AC-<:oupled to 
the trigger circuit so that a "stuck-at" 
fault won't continue 
to hold 
off the trigger. 
Then, 
if the processor 
locks up 


someplace, 
the periodic 
signal is lost and 
the watchdog 
triggers a reset. 


In practice, 
it may be convenient 
to drive the watchdog 
circuit with a signal which is being generated 
anyway 
by 
the system. 
One 
needs to be careful, 
however, 
that 
an 


upset does in fact discontinue 
that signal. Specifically, for 
example, 
one 
could 
use one 
of the digit 
drive 
signals 
going 
to a multiplexed 
display. 
But display 
scanning 
is 
often handled 
in response to a timer-interrupt, 
which may 
continue 
operating 
even though 
the main program 
is in a 
failure 
mode. 
Even so, with a little extra 
software, 
the 
signal can be used to control 
the watchdog 
(see reference 
8 on this). 


Simpler 
schemes can work well for simpler systems. 
For 
example, 
if a CPU isn't doing anything 
but scanning and 


decoding 
a keyboard, 
there's 
little to lose and 
much 
to 
gain 
by simply 
resetting 
it periodically 
with an astable 
multivibrator. 
It only takes about 
I3l'sec 
(at 6M Hz) to 
reset an 8048 if the clock oscillator is already running. 


A zero-<:ost measure 
is simply to fill all unused 
program 


memory with NOPs and J M Ps to a recovery routine. The 
effectiveness 
of this method 
is increased 
by writing 
the 
program 
in segments 
that 
are separated 
by NOPs 
and 


JMPs. 
It's still possible, 
of course, 
to get hung up in a 


data table or something. 
But you get a lot of protection, 


for the cost. 


Further 
discussion 
of graceful 
recovery 
schemes 
can 
be 


found in reference 13. 


ESD 
MOS chips have some built-in protection 
against a static 
charge build-up 
on the pins, as would occur during 
nor- 


mal handling, 
but there's no protection 
against 
the kinds 
of current 
levels and 
rise times that 
occur 
in a genuine 
electrostatic 
spark. 
These kinds of discharges 
can blow a 
crater in the silicon. 


It must be recognized 
that connecting 
CPU 
pins unpro- 


tected to a keyboard 
or to anything 
else that is subject to 
electrostatic 
discharges 
makes an extremely 
fragile config- 


uration. 
Buffering them is the very least one can do. But 


buffering 
doesn't 
completely 
solve the problem, 
because 


then the buffer chips will sustain the damage (even TIL); 
therefore, 
one might consider 
mounting 
the buffer chips 


in sockets for ease of replacement. 


Transient 
suppressors, 
such as the TranZorbs@ 
made 
by 


General 
Semiconductor 
Industries 
(Tempe, 
AZ), may in 


the lon/i!jrun provide the cheapest 
protection 
if their "zero 


inductance" 
structure 
is used. The structure 
and 
circuit 
application 
are shown in Figure 23. 


The suppressor 
element is a pn junction 
that operates 
like 
a Zener 
diode. 
Back-to-back 
units are available 
for AC 
operation. 
The element 
is more or less an open circuit at 


normal 
system voltage (the standoff 
voltage rating for the 


device), and conducts 
like a Zener diode at the clamping 
voltage. 


The 
lead 
inductance 
in the conventional 
transient 
sup- 


pressor 
package 
makes 
the conventional 
package 
essen- 
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tially useless for protection 
against 
ESD pulses, owing to 
the fast rise of these pulses. The "zero inductance 


fl 
units 


are available 
singly in a 4-pin DIP, and in arrays of four 
to a 16-pin DIP for PCB level protection. 
In that applica- 
tion 
they should 
be mounted 
in close proximity 
to the 


chips they protect. 


In addition, 
metal enclosures 
or frames or parts that can 
receive an 
ESD 
spark 
should 
be connected 
by braided 
cable 
to the green-wire 
ground. 
Because 
of the ground 


impedance, 
ESD 
current 
shouldn't 
be allowed 
to flow 
through 
any signal ground, 
even if the chips are protected 
by transient 
suppressors. 
A 35kV ESD spark can always 


spare 
a few hundred 
volts to drive a fast current 
pulse 
down a signal ground 
line if it can't find a braided 
cable 
to follow. Think 
how delighted 
your 8048 will be to find 
its VSS pin about 
250V higher than 
VCC for a few IOs 


of nanoseconds. 


THE AUTOMOTIVE 
ENVIRONMENT 
The 
automobile 
presents 
an 
extremely 
hostile 
environ- 
ment for electronic systems. There are several parts to it: 


1. Temperature 
extremes 
from -40°C 
to +125°C (under 
the hood) or +85°C (in the passenger compartment) 


2. Electromagnetic 
pulses from the ignition system 


3. Supply line transients 
that will knock your socks off 


One needs to take a long, careful look at the temperature 
extremes. 
The 
allowable 
storage 
temperature 
range 
for 
most 
Intel 
MaS 
chips 
is -65°C 
to +150°C, 
although 


some chips have a maximum 
storage 
temperature 
rating 
of +125°C. 
In operation 
(or "under 
bias," 
as the data 


sheets 
say) 
the 
allowable 
ambient 
temperature 
range 
depends on the product grade, as follows: 


Ambient Temperature 


Grade 
min. 
max. 


Commercial 
0 
70 


Industrial 
-40 
+85 


Automotive 
-40 
+110 


Military 
-55 
+125 


The different 
product 
grades 
are actually 
the same chip, 


but tested according 
to different 
standards. 
Thus, a given 


commercial-grade 
chip 
might 
actually 
pass 
military 


temperature 
requirements, 
but not have been tested for it. 


(Of course, 
there are other differences 
in grading 
require- 


ments having to do with packaging, 
burn-in, 
traceability, 


etc.) 


In any 
case, 
it's apparent 
that 
commercial-grade 
chips 


can't 
be used safely in automotive 
applications, 
not even 


in the passenger 
compartment. 
Industrial-grade 
chips can 


be used in the passenger compartment, 
and automotive 
or 


military chips are required in under-the-hood 
applications. 


Ignition 
noise, 
CB 
radios, 
and 
that 
sort 
of thing 
are 


probably 
the least of your worries. 
In a poorly 
designed 


system, or in one that has not been adequately 
tested for 


the 
automotive 
environment, 
this 
type 
of 
EMI 
might 


cause a few software upsets, but not destroy chips. 


The major 
problem, 
and the one that seems to come as 


the biggest surprise 
to most people, is the line transients. 


Regrellably, 
the 12V ballery 
is not actually 
the source of 


power 
when the car is running. 
The charging 
system is, 


and it's not very clean. The only time the ballery 
is the 


real source of power is when the car is first being 'tarted, 
and in that condition 
the ballery 
terminals 
may be deliv- 


ering about 
5 or 6V. Below is a brief description 
of the 


major idiosyncracies of the "12V 


fl automotive 
power line. 
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• An abrupt 
reduction 
in the alternator 
load causes 
a 


positive voltage transient 
called "load dump." 
In a load 


dump 
transient 
the line voltage rises to 20 or 30V in a 


few msec, then decays exponentially 
with a time con- 


stant of about 
100msec, as shown in Figure 24. Much 


higher peak VOltages and longer decay times have also 
been reported. 
The worst case load dump 
is caused by 


disconnecting 
a low battery 
from the alternator 
circuit 


while the alternator 
is running. 
Normally 
this would 


happen 
intermittently 
when the battery 
terminal 
con- 


nections are defective. 


• When the ignition is turned 
off, as the field excitation 


decays, 
the line voltage 
can go to between 
-40 
and 


-IOOV for 100 msec or more. 


• Miscellaneous 
solenoid 
switching 
transients, 
such 
as 
the one shown in Figure 25, can drive the line to + or 
-200 to 400V for several fJsec. 


o SEC. 
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• Mutual 
coupling 
between 
unshielded 
wires 
in 
long 


harnesses 
can 
induce 
100 and 
200V 
transients 
in 


unprotected 
circuits. 


What all this adds up to is that people in the business of 
building 
systems for automotive 
applications 
need a com- 
prehensive 
testing program. 
An SAE guideline which des- 
cribes 
the 
automotive 
environment 
is 
available 
to 


designers: 
SAE 
J1211, 
"Recommended 
Environmental 
Practices 
for 
Electronic 
Equipment 
Design," 
1980 SAE 


Handbook. 
Part I, pp. 22.80-22.96. 


Some 
suggestions 
for 
protecting 
circuitry 
are 
shown 
in 


Figure 26. A transient 
suppressor 
is placed in front of the 


regulator 
chip to protect 
it. Since the rise times in these 


transients 
are not like those 
in ESD 
pulses, 
lead induc- 
tance is less critical and conventional 
devices can be used. 


The regulator 
itself is pretty 
much of a necessity, since a 


load dump 
transient 
is simply 
not going to be removed 
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by any conventional 
LC or RC filter. 


Special 
I{0 inteIfacing 
is also 
required, 
because 
of the 
need for high tolerance 
to voltage transients, 
input noise, 
input{ output 
isolation, 
etc. In addition, 
switches that are 
being 
monitored 
or driven 
by these buffers 
are usually 
referenced to chassis ground 
instead of signal ground, and 
in a car there can be many volts difference 
between the 
two. I{0 inteIfacing is discussed in reference 2. 


The 
EMC 
Education 
committee 
has available 
a video 


tape: ~Introduction 
to EMC - 
A Video Training 
Tape," 


by Henry Otto Don White Consultants 
offers a series of 


training 
courses on many different aspects of electromag- 


netic 
compatibility. 
Most 
organizations 
that 
sponsor 
EMC courses also offer in-plant presentations. 


The 
main 
sources 
of information 
for 
this 
Application 
Note were the references by Ott and by White. Reference 
5 is probably 
the finest treatment 
currently 
available 
on 
the subject. 
The other 
references 
provided 
specific infor- 
mation as cited in the text. 


Courses 
and 
seminars 
on the subject 
of electromagnetic 
interference 
are 
given 
regularly 
throughout 
the 
year. 


Information 
on these can be obtained from: 


IEEE Electromagnetic 
Compatibility 
Society 
EMC Education 
Committee 
345 East 47th Street 
New York, NY 10017 
Phone: (212) 752~800 


Don White Consultants, 
Inc. 
International 
Training Centre 
P.O. Box D 
Gainesville, VA 22065 
Phone: (703) 347-0030 
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Intel's 
microcontroller 
families 
(MCS~-48, 
MCS-5I, 
and iACX-96) contain a circuit that is commonly referred 
to as the "on-chip 
oscillator". 
The on-chip circuitry is 


not itself an oscillator, 
of course, 
but an amplifier that 


is suitable for use as the amplifier 
part of a feedback 


oscillator. 
The data sheets and Microcontroller 
Hand- 


book show how the on-chip amplifier and several off- 
chip components 
can be used to design a working os- 


cillator. With proper selection of off-chip components, 
these oscillator 
circuits will perform better than almost 


any other type of clock oscillator, 
and by almost any 


criterion of excellence. 
The suggested 
circuits are sim- 


ple, economical, 
stable, and reliable. 


We offer assistance to our customers in selecting suitable 
off-chip components 
to work with the on-chip oscillator 


circuitry. It should be noted, however, 
that Intel cannot 


assume the responsibility 
of writing 
specifications 
for 


the off-chip components 
of the complete 
oscillator 
cir- 
cuit, nor of guaranteeing 
the performance 
of the finished 


design in production, 
anymore 
than a transistor 
manu- 


facturer, whose data sheets show a number of suggested 
amplifier circuits, 
can assume responsibility 
for the op- 


eration, 
in production, 
of any of them. 


We are often asked why we don't 
publish a list of re- 
quired crystal or ceramic 
resonator 
specifications, 
and 


recommend 
values for the other off-chip 
components'. 
This has been done in the past, 
but sometimes 
with 


consequences 
that were not intended. 
. 


Suppose 
we suggest 
a maximum 
crystal 
resistance 
of 


30 ohms for some given frequency. 
Then your crystal 


supplier tells you the 30-ohm crystals are going to cost 
twice as much as 50-ohm 
crystals. 
Fearing 
that Intel 


will not "guarantee 
operation" 
with 50-ohm crystals, 
you order the expensive 
ones. In fact, Intel guarantees 
only what is embodied within an Intel product. Besides, 
there is no reason why 50-ohm crystals couldn't be used, 
if the other off-chip components 
are suitably adjusted. 


Should we recommend values for the other off-chip com- 
ponents? Should we do it for 50-ohm crystals or 30-ohm 
crystals? With respect to what should we optimize their 
selection? 
Should we minimize 
start-up time or maxi- 
mize frequency 
stability? 
In many applications, 
neither 


start-up time nor frequency stability are particularly crit- 
ical, and our "recommendations" 
are only restricting 
your system to unnecessary 
tolerances. 
It all depends 
on the application. 


Although we will neither "specify" 
nor "recommend" 
specific off-chip components. 
we do offer assistance in 
these tasks. Intel applications 
engineers are available to 
provide 
whatever 
technical 
assistance 
may be needed 


or desired 
by our customers 
in designing 
with Intel 


products. 


This Application 
Note is intended to provide such assis- 


tance in the design of oscillator 
circuits for microcon- 


troller systems. 
Its purpose is to describe in a practical 


manner how oscillators work, how crystals and ceramic 
resonators work (and thus how to spec them), and what 
the on-chip amplifier looks like electronically 
and what 


its operating 
characteristics 
are. A BASIC program 
is 


provided in Appendix 
II to assist the designer in deter- 


mining the effects of changing 
individual 
parameters. 


Suggestions 
are provided for establishing 
a pre-produc- 


tion test program. 


Figure I shows an amplifier whose output line goes into 
some passive network. If the input signal to the amplifier 
is VI' then 
the 
output 
signal 
from 
the 
amplifier 
is 


Vz = AVIand the output signal from the passive network 
is vJ = J3vz = J3Avl. Thus J3A is the overall gain from 
terminal 
I to terminal 
3. 


Now connect terminal 
1 to terr.linal 3, so that the signal 
path forms a loop: I to 2 to 3, which is also I. Now we 
have a feedback loop, and the gain factor J3A is called 
the loop gain. 


Gain factors 
are complex 
numbers. 
That means 
they 


have a magnitude and a phase angle, both of which vary 
with frequency. 
When writing a complex 
number, 
one 


must specify both quantities, 
magnitude 
and angle. 
A 


number whose magnitude 
is 3, and whose angle is 45 


degrees is commonly written this way: 3illo. 
The num- 


ber 
I is, 
in complex 
number 
notation, 
lISt, 
while 
- I is IL!~!t. 


By closing the feedback loop in Figure 0, we force the 
equality 


VI = J3Avl 


This equation has two solutions: 


I) VI = 0; 


2) J3A = lLQo. 


In a given circuit, either or both of the above solutions 
may be in effect. In the first solution the circuit is quies- 
cent (no output 
signal). 
If you're 
trying 
to make an 


oscillator, 
a no-signal condition 
is unacceptable. 
There 


are ways to guarantee that the second solution is the one 
that will be in effect, 
and that the quiescent 
condition 
will be excluded. 


A feedback oscillator 
amplifies its own noise and feeds 
it back to itself in exactly the right phase, at the oscil- 
lation frequency, 
to build up and reinforce 
the desired 


oscillations. 
Its ability to do that depends 
on its loop 


gain. First, oscillations 
can occur only at the frequency 


for which the loop gain has a phase angle of 0 degrees. 
Second, 
build-up of oscillations 
will occur only if the 
loop gain exceeds I at that frequency. Build-up continues 
until nonlinearities 
in the circuit reduce the average value 


of the loop gain to exactly 
L 


Start-up characteristics 
depend on the small-signal 
prop- 


erties of the circuit, 
specifically, 
the small-signal 
loop 


gain. Steady-state characteristics 
of the oscillator depend 


on the large-signal 
properties 
of the circuit, such as the 


transfer curve (output voltage vs. input voltage) of the 
amplifier, and the clamping effect of the input protection 
devices. 
These things will be discussed 
more fully fur- 


ther on. First we will look at the basic operation 
of a 


particular 
oscillator 
circuit, 
called 
the "positive 
reac- 


tance" 
oscillator. 


Figure 2 shows the configuration 
of the positive 
reac- 
tance oscillator. 
The inverting 
amplifier, 
working 
into 
the impedance 
of the feedback 
network, 
produces 
an 


output signal that is nominally 
180 degrees out of phase 


with its input. The feedback 
network 
must provide an 


additional 
180 degrees phase shift, such that the overall 


loop gain has zero (or 360) degrees 
phase shift at the 


oscillation 
frequency. 


In order for the loop gain to have zero phase angle it 
is necessary that the feedback element Zr have a positive 


reactance. 
That is, it must be inductive. 
Then, the fre- 
quency at which the phase angle is zero is approximately 
the frequency 
at which 


+1 
X 
-- 
r - 
wC 


where Xr is the reactance 
of Zr (the total Zr being Rr 
+ jXr, and C is the series combination 
of CX1and CXl. 


C = 
CX1CXl 
CX1 + CXl 


In other words, Zr and C form a parallel resonant circuit. 


If Zr is an inductor, 
then Xr = wL, and the frequency 
at which the loop gain has zero phase is the frequency 
at which 


I 


VLC 


Normally, 
Zr is not an inductor, 
but it must still have 
a positive reactance 
in order for the circuit to oscillate. 
There are some piezoelectric 
devices on the market that 
show a positive 
reactance, 
and provide 
a more stable 
oscillation frequency than an inductor will. Quartz crys- 
tals can be used where the oscillation 
frequency 
is crit- 
ical, 
and lower cost ceramic 
resonators 
can be used 
where the frequency 
is less critical. 


When the feedback 
element 
is a piezoelectric 
device, 


this circuit configuration 
is called 
a Pierce oscillator. 


The advantage 
of piezoelectric 
resonators 
lies in their 
property of providing a wide range of positive reactance 
values over a very narrow 
range of frequencies. 
The 


reactance will equal l/wC at some frequency within this 
range, 
so the oscillation 
frequency 
will be within the 
same range. Typically, 
the width of this range is only 
.3% of the nominal frequency 
of a quartz crystal, 
and 
about 3% of the nominal 
frequency 
of a ceramic reso- 
nator. With relatively 
little design effort, frequency 
ac- 
curacies of .03% or better can be obtained 
with quartz 
crystals, 
and .3% or better with ceramic resonators. 


The crystal resonator is a thin slice of quartz sandwiched 
between two electrodes. 
Electrically, 
the device looks 
pretty much like a 5 or 6 pF capacitor, 
except that over 
certain ranges of frequencies 
the crystal has a positive 
(i.e., 
inductive) 
reactance. 


The ranges of positive reactance originate 
in the piezo- 
electric property of quartz: Squeezing 
the crystal gener- 


ates an internal E-field. The effect is reversible: Apply- 
ing an E-field causes a mechanical 
deflection. 
Applying 
an AC E-field causes the crystal to vibrate. 
At certain 


vibrational frequencies 
there is a mechanical 
resonance. 
As the E-field 
frequency 
approaches 
a frequency 
of 
mechanical 
resonance, 
the measured 
reactance 
of the 
crystal becomes positive, 
as shown in Figure 3. 
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Typically there are several ranges of frequencies wherein 
the reactance of the crystal is positive. 
Each range cor- 
responds to a different mode of vibration in the crystal. 
The main resonances 
are the so-called 
fundamental 
re- 
sponse and the third and fifth overtone responses. 


The overtone responses 
shouldn't 
be confused 
with the 
harmonics 
of the fundamental. 
They're 
not harmonics, 
but different 
vibrational 
modes. They're 
not in general 


at exact integer multiples of the fundamental 
frequency. 
There will also be "spurious" 
responses, occurring typ- 
ically a few hundred KHz above each main response. 


To assure that an oscillator 
starts in the desired mode 
on power-up, 
something 
must be done to suppress the 
loop gain in the undesired frequency ranges. The crystal 
itself provides some protection against unwanted modes 
of oscillation; 
too much resistance 
in that mode, 
for 


example. 
Additionally, junction capacitances 
in the am- 
plifying devices 
tend to reduce the gain at higher fre- 
quencies, 
and thus may discriminate 
against unwanted 
modes. In some cases a circuit fix is necessary, 
such as 
inserting a trap, a phase shifler, or ferrite beads to kill 
oscillations 
in unwanted 
modes. 


Crystal 
Parameters 


Equivalent 
Circuit 


Figure 
4 shows 
an equivalent 
circuit 
that is used to 
represent the crystal for circuit analysis. 


The RJ-LJ-C, 
branch is called the motional arm of the 
crystal. The values of these parameters 
derive from the 
mechanical properties of the crystal and are constant for 
a given mode of vibration. 
Typical values for various 
nominal frequencies 
are shown in Table I. 
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Figure 4 - 
Quartz 
Crystal: 


Symbol 
and Equivalent 
Circuit 


Co is called the shunt capacitance 
of the crystal. 
This 


is the capacitance 
of the crystal's 
electrodes 
and the 


mechanical holder. If one were to measure the reactance 
of the crystal at a frequency 
far removed 
from a reso- 


nance frequency, 
it is the reactance 
of this capacitance 


that would be measured. 
It's normally 
3 to 7 pF. 


frequency 
R, 
L, 
C, 
Co 


MHz 
ohms 
mH 
pF 
pF 


2 
100 
520 
.012 
4 


4.608 
36 
117 
.010 
2.9 


1l.25 
19 
8.38 
.024 
5.4 


The series resonant frequency 
of the crystal is the fre- 


quency at which L, and C, are in resonance. 
This fre- 


quency is given by 


f 
= 
I 


s 
27T vI:::;<:, 


At this frequency 
the impedance 
of the crystal is R, in 


parallel 
with the reactance 
of Co. For most purposes, 


this impedance is taken to be just RJ, 
since the reactance 
of Co is so much larger than R,. 


A crystal oscillator 
circuit 
such as the one shown 
in 


Figure 2 (redrawn in Figure 5) operates at the frequency 
for 
which 
the 
crystal 
is antiresonant 
(ie, 
parallel- 


resonant) 
with the total capacitance 
across the crystal 
terminals external to the crystal. 
This total capacitance 
external to the crystal is called the load capacitance. 


As shown in Figure 5, the load capacitance 
is given by 


CX1 CXl 
CL = C 
C 
+ C""y 
XI + 
Xl 


The crystal manufacturer 
needs to know the value of CL 
in order to adjust the crystal to the specified frequency. 


Cl 
r--------------------l 
I 


! 
----------~;;----------- 
~ 
I 
cx, 
C.. 
I 


I 
I 
): 
I 
;to 
I 
~ 
J 


CRYSTAL 


!---------~~---------~ 


I 
R, 
L, 
C, 
I 
I 
I 
I 
I 
L 
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The adjustment 
involves 
putting 
the crystal 
in series 
with the specified CL, and then "trimming" 
the crystal 


to obtain 
resonance 
of the series 
combination 
of the 
crystal and CL at the specified frequency. Because of the 
high Q of the crystal, 
the resonant 
frequency 
of the 
series combination 
of the crystal and CL is the same as 
the antiresonant 
frequency 
of the parallel 
combination 


of the crystal and CL. This frequency 
is given by 


f = 
I 


a 
2 1T YL1C1 
(CL 
+ CO)/(C1 + CL + Co) 


These frequency 
formulas are derived (in Appendix 
I) 
from the equivalent 
circuit of the crystal, 
using the as- 
sumptions 
that the Q of the crystal is extremely 
high, 
and that the circuit external to the crystal has no effect 
on the frequency 
other than to provide the load capac- 
itance CL. The latter assumption 
is not precisely 
true, 
but it is close enough for present purposes. 


There 
is no such thing as a "series 
cut" 
crystal 
as 
opposed to a "parallel 
cut" 
crystal. There are different 


cuts of crystal, 
having to do with the parameters 
of its 
motional arm in various frequency 
ranges, 
but there is 
no special cut for series or parallel operation. 


An oscillator 
is series 
resonant 
if the oscillation 
fre- 


quency is fs of the crystal. 
To operate the crystal at fs' 
the amplifier 
has to be noninverting. 
When buying 
a 
crystal for such an oscillator, one does not specify a load 
capacitance. 
Rather, one specifies the loading condition 


as "series." 


If a "series" 
crystal is put into an oscillator that has an 


inverting amplifier, it will oscillate in parallel resonance 
with the load capacitance 
presented to the crystal by the 


oscillator 
circuit, 
at a frequency 
slightly 
above fs' In 


fact, at approximately 


fa = fs ( 
I + 
C 
1 
) 
2 (CL + Co) 


This frequency 
would typically 
be about 0.02% 
above 


fs' 


The "series 
resistance" 
often listed on quartz crystal 
data sheets is the real part of the crystal 
impedance 
at 


the crystal's 
calibration 
frequency. 
This will be Rl 
if 


the calibration frequency is the series resonant frequency 
of the crystal. 
If the crystal 
is calibrated 
for parallel 


resonance 
with a load capacitance 
CL, the equivalent 
series resistance 
will be 


The crystal manufacturer 
measures this resistance at the 


calibration frequency during the same operation in which 
the crystal is adjusted to the calibration 
frequency. 


Frequency 
tolerance 
as discussed 
here is not a require- 


ment on the crystal, but on the complete oscillator. There 
are two types of frequency 
tolerances 
on oscillators: 
frequency accuracy 
and frequency 
stability. 
Frequency 


accuracy 
refers to the oscillator's 
ability to run at an 


exact specified frequency. 
Frequency 
stability refers to 


the constancy 
of the oscillation 
frequency. 


Frequency 
accuracy 
requires 
mainly that the oscillator 
circuit present to the crystal the same load capacitance 
that it was adjusted 
for. Frequency 
stability 
requires 


mainly that the load capacitance 
be constant. 


In most digital applications 
the accuracy 
and stability 


requirements 
on the oscillator 
are so wide that it makes 


very little difference 
what load capacitance 
the crystal 


was adjusted 
to, or what load capacitance 
the circuit 


actually presents to the crystal. For example, 
if a crystal 


was calibrated 
to a load capacitance 
of 25 pF. and is 


used in a circuit whose actual load capacitance 
is 50 pF, 


the frequency 
error on that account would be less than 


0.01%. 


In a positive reactance oscillator, 
the crystal only needs 


to be in the intended 
response 
mode for the oscillator 


to satisfy a 0.5% or better frequency 
tolerance. 
That's 


because 
for any load capacitance 
the oscillation 
fre- 


quency is certain to be between 
the crystal's 
resonant 


and antiresonant 
frequencies. 


Phase shifts that take place within the amplifier part of 
the oscillator 
will also affect frequency 
accuracy 
and 


stability. These phase shifts can normally 
be modeled 


as an "output 
capacitance" 
that, in the positive reac- 


tance oscillator, 
parallels 
CX2' 
The predictability 
and 


constancy 
of this output capacitance 
over temperature 


and device sample will be the limiting factor in deter- 
mining 
the tolerances 
that 
the circuit 
is capable 
of 


holding. 


Drive level refers to the power dissipation 
in the crystal. 


There are two reasons for specifying 
it. One is that the 


parameters 
in the equivalent 
circuit are somewhat 
de- 


pendent on the drive level at which the crystal is cali- 
brated. The other is that if the application circuit exceeds 
the test drive level by too much, 
the crystal 
may be 


damaged. 
Note that the terms 
"test 
drive level" 
and 


"rated drive level" 
both refer to the drive level at which 


the crystal is calibrated. 
Normally, 
in a microcontroller 


system, neither the frequency 
tolerances 
nor the power 


levels justify much concern for this specification. 
Some 


crystal manufacturers 
don't 
even require 
it for micro- 


processor crystals. 


In a positive 
reactance 
oscillator, 
if one assumes 
the 


peak voltage across the crystal to be something 
in the 
neighborhood 
of Vcc, the power dissipation 
can be ap- 


proximated 
as 


P = 2R1[1Tf 
(CL + Co) VCcl2 


This formula is derived in Appendix I. In a 5V system, 
P rarely evaluates 
to more than a milliwatt. 
Crystals 


w;th a standard I or 2 mW drive level rating can be used 
in most digital systems. 
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Figure 
6 - 
Ceramic 
Resonator 
Impedance 
vs. 


Frequency 
(Test Data Supplied 
by 


NTK Technical 
Ceramics) 


Ceramic resonators operate on the same basic principles 
as a quartz 
crystal. 
Like 
quartz 
crystals, 
they 
are 


piezoelectric, 
have a reactance 
versus frequency 
curve 
similar 
to a crystal's, 
and an equivalent 
circuit 
that 


looks just 
like a crystal's 
(with 
different 
parameter 


values, however). 


The frequency tolerance of a ceramic resonator is about 
two orders of magnitude 
wider than a crystal's, 
bui the 


ceramic is somewhat 
cheaper than a crystal. 
It may be 


noted for comparison 
that quartz crystals 
with relaxed 


tolerances 
cost about twice as much as ceramic 
reso- 


nators. For purposes of clocking 
a microcQntroller, 
the 


frequency 
tolerance 
is often relatively 
noncritical, 
and 


the economic 
consideration 
becomes 
the dominant 


factor. 


Figure 6 shows a graph of impedance 
magnitude 
versus 


frequency for a 3.58MHz 
ceramic resonator. (Note that 


Figure 6 is a graph of IZ~versus 
frequency, 
whereas 


Figure 3 is a graph of Xf versus frequency.) 
A number 


of spurious 
responses 
are apparent 
in Figure 
6. The 


manufacturers 
state that spurious 
responses 
are more 


prevalent in the lower frequency resonators (kHz range) 
than in the higher frequency units (MHz range). For our 
purposes 
only 
the MHz 
range 
ceramics 
need to be 
considered. 
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Figure 
7 - 
Ceramic 
Resonator: 
Symbol 
and Equivalent 
Circuit 


Figure 7 shows the symbol and equivalent circuit for the 
ceramic resonator, both of which are the same as for the 
crystal. The parameters have different values, however, 
as listed in Table 2. 


frequency 
R1 
L1 
C1 
Co 


MHz 
ohms 
mH 
pF 
pF 


3.58 
7 
.113 
19.6 
140 


6.0 
8 
.094 
8.3 
60 


8.0 
7 
.092 
4.6 
40 


11.0 
10 
.057 
3.9 
30 


Note that the motional 
arm of the ceramic 
resonator 
tends to have less resistance 
than the quartz crystal and 


also a vastly reduced 
L)/C) ratio. This results 
in the 
motional arm having a Q (given by (I/R) 
\lL)/C) 
that 
is typically 
two orders of magnitude 
lower than that of 


a quartz crystal. The lower Q makes for a faster start- 
up of the oscillator 
and for a less closely 
controlled 


frequency 
(meaning 
that circuitry 
external to the reso- 
nator will have more influence 
on the frequency 
than 


with a quartz crystal). 


Another 
major difference 
is that the shunt capacitance 


of the ceramic resonator is an order of magnitude higher 
than Co of the quartz crystal and more dependent on the 
frequency 
of the resonator. 


The implications of these differences are not all obvious, 
but some will be indicated 
in the section on Oscillator 


Calculations. 


Ceramic resonators are easier to specify than quartz crys- 
tals. All the vendor wants to know is the desired fre- 
quency and the chip you want it to work with. They'll 
supply the resonators, 
a circuit 
diagram 
showing 
the 


positions 
and values of other external components 
that 
may be required 
and a guarantee 
that the circuit will 


work properly at the specified frequency. 


Designers of microcontroller 
systems have a number of 


options 
to choose 
from for clocking 
the system. 
The 


main decision is whether to use the "on-chip" 
oscillator 


or an external oscillator. 
If the choice is to use the on- 


chip oscillator, 
what kinds of external components 
are 
needed to make it operate as advertised? 
If the choice 
is to use an external oscillator, 
what type of oscillator 


should it be? 


The decisions 
have to be based on both economic 
and 


technical 
requirements. 
In this 
section 
we'll 
discuss 
some of the factors that should be considered. 
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In most cases, the on-chip amplifier with the appropriate 
external components 
provides 
the most economical 
so- 
lution to the clocking 
problem. 
Exceptions 
may arise 
in severe environments 
when frequency 
tolerances 
are 


tighter than about 0.01 %. 


The external 
components 
that need to be added are a 


positive reactance 
(normally 
a crystal or ceramic reso- 
nator) and the two capacitors 
CX1 and CX2' 
as shown 
in Figure 8. 


Specifications 
for an appropriate 
crystal 
are not very 


critical, unless the frequency 
is. Any fundamental-mode 
crystal of medium or better quality can be used. 


We are often asked what maximum 
crystal 
resistance 


should be specified. 
The best answer to this question is 


the lower the better, but use what's available. The crystal 
resistance 
will have some effect on start -up time and 


steady-state 
amplitude, 
but not so much that it can't be 


compensated 
for by appropriate 
selection of the capac- 
itances CX) 
and CX2' 


Similar questions are asked about specifications 
of load 
capacitance 
and shunt capacitance. 
The best advice we 


can give is to understand 
what these parameters 
mean 
and how they affect the operation 
of the circuit 
(that 


being the purpose 
of this Application 
Note), and then 
decide for yourself if such specifications 
are meaningful 
in your application or not. Normally, they're not, unless 
your frequency 
tolerances 
are tighter than about 0.1 %. 


Part of the problem 
is that crystal 
manufacturers 
are 


accustomed to talking "ppm" 
tolerances 
with radio en- 
gineers and simply won't 
take your order until you've 


filled out their list of specifications. 
It will help if you 
define your 
actual 
frequency 
tolerance 
requirements, 


both for yourself and to the crystal manufacturer. 
Don't 
pay for 0.003% 
crystals 
if your actual frequency 
tol- 
erance is I%. 


The oscillation 
frequency 
is determined 
99.5% 
by the 


crystal and up to about 0.5% by the circuit external to 
the crystal. The on-chip amplifier has little effect on the 
frequency, 
which is as it should be, since the amplifier 
parameters 
are temperature 
and process dependent. 


The influence of the on-chip amplifier on the frequency 
is by means of its input and output (pin-to-ground) 
ca- 
pacitances, 
which parallel CX1 and CX2' 
and the XTALl- 


to-XTAL2 (pin-to-pin) 
capacitance, 
which parallels the 


crystal. The input and pin-to-pin capacitances 
are about 
7 pF each. Internal phase deviations 
from the nominal 
1800 can be modeled as an output capacitance 
of 25 to 


30 pF. These deviations 
from the ideal have less effect 


in the positive 
reactance 
oscillator 
(with the inverting 
amplifier) than in a comparable 
series resonant oscillator 


(with the noninverting 
amplifier) for two reasons: first, 
the effect of the output capacitance 
is lessened, 
if not 
swamped, 
by the off-chip capacitor; 
secondly, the pos- 
itive reactance 
oscillator 
is less sensitive, 
frequency- 


wise, to such phase errors. 


Selection 
of CX1 and CX2 


Optimal values for the capacitors 
Cx, and CX2 depend 
on whether a quartz crystal or ceramic resonator is being 
used, and also on application-specific 
requirements 
on 


start-up time and frequency 
tolerance. 


Start-up time is sometimes 
more critical in microcon- 
troller systems than frequency 
stability, because of var- 
ious reset and initialization 
requirements. 


Less commonly, 
accuracy of the oscillator 
frequency 
is 
also critical, 
for example, 
when the oscillator 
is being 
used as a time base. As a general rule, fast start-up and 
stable frequency 
tend to pull the oscillator 
design 
in 


opposite directions. 


Considerations 
of both start-up time and frequency sta- 
bility over temperature 
suggest that Cx, and CX2 should 
be about equal and at least 20 pF. (But they don't have 
to be either.) Increasing 
the value of these capacitances 
above some 40 or 50 pF improves 
frequency 
stability. 


It also tends to increase 
the start-up 
time. There is a 
maximum 
value (several hundred pF, depending 
on the 
value of R) of the quartz or ceramic 
resonator) 
above 
which the oscillator 
won't 
start up at all. 


If the on-chip amplifier is a simple inverter, such as in 
the 8051, 
the user can select values for Cx, and CX2 
between 
some 20 and 100 pF, depending 
on whether 
start-up time or frequency 
stability is the more critical 


parameter 
in a specific application. 
If the on-chip am- 
plifier is a Schmitt Trigger, such as in the 8048, smaller 
values of Cx, must be used (5 to 30 pF), in order to 
prevent the oscillator from running in a relaxation mode. 


Later sections in this Application 
Note will discuss the 
effects of varying Cx, and CX2 (as well as other param- 
eters), and will have more to say on their selection. 


Placement 
of Components 


Noise glitches 
arriving 
at the XTALl 
or XTAL2 pins 
at the wrong time can cause a miscount 
in the internal 


clock-generating 
circuitry. 
These kinds of glitches can 


be produced 
through 
capacitive 
coupling 
between 
the 
oscillator 
components 
and PCB traces carrying 
digital 


signals with fast rise and fall times. For this reason, the 
oscillator 
components 
should be mounted 
close to the 
chip 
and 
have 
short, 
direct 
traces 
to the 
XTALl, 
XTAL2, and VSS pins. 


Clocking 
Other Chips 


There are times when it would be desirable 
to use the 
on-chip oscillator 
to clock other chips in the system. 
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Figure 9 - 
Using the On-Chip 
Oscillator 
to Drive Other Chips 


This can be done if an appropriate 
buffer is used. 
A 


TTL buffer puts too much load on the on-chip amplifier 
for reliable 
start-up. 
A CMOS 
buffer 
(such 
as the 
74HC04) can be used, if it's fast enough and if its VIH 
and VIL specs are compatible 
with the available signal 
amplitudes. 
Circuits such as shown in Figure 9 might 
also be considered 
for these types of applications. 


Clock-related 
signals are available 
at the TO pin in the 
MCSA8 products, 
at ALE in the MCSA8 
and MCS-5l 


lines, and the iACX-96 controllers 
provide a CLKOUT 
signal. 


When technical 
requirements 
dictate the use of an ex- 


ternal oscillator, 
the external drive requirements 
for the 
microcontroller, 
as published 
in the data sheet, must be 
carefully noted. The logic levels are not in general TTL- 
compatible. 
And each controller 
has its idiosyncracies 
in this regard. The 8048, for example, requires that both 
XTALl and XTAL2 be driven. The 8051 can be driven 
that way, but the data sheet suggest the simpler method 
of grounding 
XTALl 
and driving 
XTAL2. 
For this 


method, the driving source must be capable of sinking 
some current when XTAL2 is being driven low. 


For the external oscillator 
itself, there are basically two 
choices: ready-made 
and home-grown. 


TTL Crystal Clock Oscillator 


The HS-100, HS-200, & HS-500 all-metal package 
series of oscillators are TIL compatible 
& fit a DIP 
layout. Standard electrical specifications 
are shown 
below. Variations are available for special applications 


Frequency 
Range: 
HS-100 - 
3.5 MHz to 30 MHz 
HS-200 - 
225 Khz to 3.5 MHz 
HS-500 - 
25 MHz to 60 MHz 


Frequency 
Tolerance: 
:!: .01% Overall 0-70° C 


Hermetically 
Sealed 
Package 
Mass spectrometer 
leak rate max. 


1 x 10 
8 atmos. cc/sec. of helium 


INPUT 


HS-100 
HS-200 
HS-SOO 


3.5 MHz 
- 20 MHz 
20+ 
MHz 
- 30 MHz 
225 
KHz· 
4.0 MHz 
25 MHz 
- 60 MHz 


Supply 
Voltage 


(Vcd 
5V:= 
10% 
5V::: 10% 
5V 
- 
10% 
5V 
- 
5% 


Supply 
Current 
(led 
max. 
30mA 
40mA 
85mA 
50mA 


OUTPUT 


HS-l00 
HS-200 
HS-SOO 


3.5 MHz 
- 20 MHz 
20 + MHz· 
30 MHz 
225 
KHz· 
4.0 MHz 
25 MHz· 
60 MHz 


VOH 
(Logic 
''1'') 
+2.4V 
min.' 
+ 2.7V 
min." 
.• 2.4V min.' 
-t-2.7V min.;'> 


VOL 
(Logic 
"0") 
+ O.4V 
max.3 
+O.5V 
max.4 
+ O.4V 
max.:J 
+ O.SV max:1 


Symmetry 
60'40%,tt 
6040%5 
5545%5 
6040%5 


TR. TF (Rise 
& 


Fall Time) 
'-, 10n56 
5n56 
15n56 
5ns6 


Output 
Short 
Circuit 
Current 
18mA 
min. 
40mA 
min. 
18mA 
min. 
40mA 
min. 


Output 
Load 
1 to 10 TIL 
Loads' 
1 to 10 TIL 
Loads' 
1 to 10 TIL 
Loads' 
1 to 10 TIL 
Loads' 


CONDITIONS 
110 source 
- 
400~A max. 
410 sink 
- 
20.0mA 
max 
'1 .6mA 
per 
load 


;>10 source 
- 
1.0mA 
max 
5VO 
- 
1.4V 
82,QmA 
per 
load 


'I 
Sink 
- 
16.0mA 
max. 
'(O.4V to 24VI 


Prepackaged 
oscillators 
are available from most crystal 


manufacturers, 
and have the advantage 
that the system 


designer can treat the oscillator 
as a black box whose 


performance 
is guaranteed 
by people who carry many 


years of experience in designing and building' oscillators. 
Figure 10 shows a typical data sheet for some prepack- 
aged oscillators. 
Oscillators are also available with com- 


plementary 
outputs. 


If the oscillator 
is to drive the microcontroller 
directly, 


one will want to make a careful comparison 
between the 


external drive requirements 
in the microcontroller 
data 


sheet and the oscillator's 
output 
logic levels and test 


conditions. 


If oscillator 
stability is less critical than cost, the user 
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may prefer to go with an in-house design. 
Not without 
some precautions, 
however. 


It's easy to design oscillators 
that work. Almost all of 
them do work, even if the designer 
isn't too clear on 
why. The key point here is that almost all of them work. 
The problems begin when the system goes into produc- 
tion, and marginal 
units commence 
malfunctioning 
in 
the field. Most digital designers, 
after all, are not very 


adept at designing 
oscillators for production. 


Oscillator 
design is somewhat 
of a black art, with the 


quality of the finished product being very dependent on 
the designer's 
experience 
and intuition. 
For that reason 
the most important consideration 
in any design is to have 
an adequate preproduction 
test program. 
Preproduction 
tests are discussed 
later in this Application 
Note. Here 
we will discuss some of the design options and take a 
look at some commonly 
used configurations. 


Digital systems designers 
are understandably 
reluctant 


to get involved witb discrete devices and their peculiari- 
ties (biasing techniques, 
etc.). 
Besides, 
the component 


count for these circuits 
tends to be quite a bit higher 


than what a digital designer 
is used to seeing for that 


amount of functionaliiy. 
Nevertheless, 
if there are un- 


usual requirements 
on the accuracy 
and stability of the 
clock frequency, 
it should be noted that discrete device 
oscillators can be tailored to suit the exact needs of the 
application 
and perfected 
to a level that would be dif- 


ficult for a gate oscillator 
to approach. 


In most cases, when an external oscillator is needed, the 
designer tends to rely on some form of a gate oscillator. 
A TTL inverter with a resistor connecting 
the output to 
the input makes a suitable inverting 
amplifier. The re- 


sistor holds the inverter in the transition region between 
logical high and low, so that at least for start-up purposes 
the inverter is a linear amplifier. 


The feedback 
resistance 
has to be quite low, however, 
since it must conduct current sourced by the input pin 
without 
allowing 
the DC input voltage 
to get too far 


above the DC output voltage. For biasing purposes, 
the 
feedback 
resistance 
should not exceed 
a few k-ohms. 


1.011-'1 


But shunting the crystal with such a low resistance does 
not encourage 
start-up. 


Consequently, 
the configuration 
in Figure 11A might be 
suggested. 
By breaking 
Rr into two 
parts 
and 
AC- 


grounding the midpoint, 
one achieves the DC feedback 


required 
to hold the inverter 
in its active 
region, 
but 


without 
the negative 
signal feedback 
that is in effect 


telling the circuit not to oscillate. 
However. this biasing 
scheme will increase the start-up time, and relaxation- 
type oscillations 
are also possible. 


A CMOS 
inverter, 
such as the 74HC04, 
might 
work 


better in this application, 
since a larger Rf can be used 


to hold the inverter in its linear region. 


Logic gates tend to have a fairly low output resistance, 
which destabilizes 
the oscillator. 
For that reason a re- 
sistor Rx is often added to the feedback 
network, 
as 


shown in Figure 
II A and B. At higher frequencies 
a 
20 or 30 pF capacitor 
is sometimes 
used 
in the Rx 


position, 
to compensate 
for some of the internal prop- 
agation delay. 


Reference 
1 contains 
an excellent 
discussion 
of gate 
oscillators, 
and a number of design examples. 


Fundamental 
versus Overtone 
Operation 


It's easier to design an oscillator circuit to operate in the 
resonator's 
fundamental 
response 
mode than to design 
one for overtone operation. 
A quartz crystal whose fun- 


damental 
response 
mode covers the desired frequency 
can be obtained 
up to some 30 MHz. 
For frequencies 
above that, 
the crystal 
might be used in an overtone 


mode. 


Several 
problems 
arise in the design 
of an overtone 
oscillator. 
One is to stop the circuit from oscillating 
in 


the fundamental 
mode, 
which is what it would really 


rather do, for a number of reasons, 
involving botb the 


amplifying 
device and the crystal. 
An additional 
prob- 


lem with overtone 
operation 
is an increased 
tendency 


to spurious oscillations. 
That is because the R1 of various 
spurious modes is likely to be about the same as R, of 
the intended overtone response. 
It may be necessary, 
as 
suggested 
in reference 
I, 
to specify 
a "spurious-to- 


main-response" 
resistance 
ratio to avoid the possibility 
of trouble. 


Overtone 
oscillators 
are not to be taken lightly. 
One 


would be well advised to consult with an engineer who 
is knowledgeable 
in the subject during the design phase 
of such a circuit. 


Series versus Parallel Operation 
Series resonant oscillators 
use non inverting amplifiers. 


To make a non inverting 
amplifier 
out of logic gates 
requires that two inverters be used, as shown in Figure 
12. 


in frequency 
over variations 
in temperature 
and VCc. 


It has a tendency to oscillate at overtones, and to oscillate 
through Co of the crystal or some stray capacitance rather 
than as controlled 
by the mechanical 
resonance 
of the 
crystal. 


The demon 
in series resonant 
oscillators 
is the phase 
shift in the amplifier. The series resonant oscillator wants 
more than just a "noninverting" 
amplifier - 
it wants 
a zero phase-shift 
amplifier. 
Multistage 
non inverting 
amplifiers 
tend to have a considerably 
Jagging phase 
shift, such that the crystal reactance must be capacitive 
in order to bring the total phase shift around the feedback 
loop back up to O. In this mode, a "12 
MHz" 
crystal 


may be running at 8 or 9 MHz. One can put a capacitor 
in series with the crystal to relieve the crystal of having 
to produce all of the required phase shift, and bring the 
oscillation 
frequency 
closer to fs. However, 
to further 


complicate 
the situation, 
the amplifier's 
phase shift is 
strongly 
dependent 
on frequency, 
temperature, 
VCC, 


and device sample. 


Figure 12 - 
"Series 
Resonant" 


Gate Oscillator 


Positive reactance 
oscillators 
("parallel 
resonant") 
use 
inverting amplifiers. 
A single logic inverter can be used 
for the amplifier, as in Figure II. The amplifier's 
phase 
shift is less critical, 
compared 
to the series resonant 


circuit, 
and since only one inverter is involved there's 
less phase error anyway. 
The oscillation 
frequency 
is 
effectively 
bounded 
by the resonant 
and antiresonant 


frequencies of the crystal itself. In addition, the feedback 
network 
includes capacitors 
that parallel the input and 


output terminals of the amplifier, thus reducing the effect 
of unpredictable 
capacitances 
at these points. 


MORE ABOUT USING THE "ON-CHIP" 
OSCILLATORS 
. 


In this section we will describe the on-chip inverters on 
selected 
microcontrollers 
in some detail, 
and discuss 
criteria 
for selecting 
components 
to work with them. 
Future data sheets will supplement 
this discussion 
with 


updates 
and information 
pertinent 
to the use of each 


chip's oscillator 
circuitry. 


Oscillator design, though aided by theory, is still largely 
an empirical 
exercise. 
The circuit is inherently 
nonlin- 
ear, and the normal analysis 
parameters 
vary with in- 
stantaneous 
voltage. In addition, 
when dealing with the 


on-chip circuitry, we have FETs being used as resistors, 
resistors being used as interconnects, 
distributed delays, 


input protection 
devices, 
parasitic 
junctions, 
and pro- 
cessing variations. 


Consequently, 
oscillator calculations 
are never very pre- 


cise. They can be useful, 
however, 
if they will at least 
indicate the effects of variations in the circuit parameters 
on start-up time, oscillation 
frequency, 
and steady-state 


amplitude. 
Start-up time, for example, 
can be taken as 


an indication of start-up reliability. If preproduction 
tests 


indicate a possible 
start-up problem, 
a relatively 
inex- 
perienced designer can at least be made aware of what 


A) 8051-type 
circuit 
configuration 
during 
start-up. 
(Excludes 
Input 
protection 
devices.) 
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Figure 13 - 
Oscillator 
Circuit 
Model 


Used In Start-Up Calculations 


parameter 
may be causing 
the marginality, 
and what 


direction to go in to fix it. 


The analysis used here is mathematically 
straightforward 


but algebraically 
intractable. 
That means it's relatively 
easy to understand 
and program into a computer, 
but it 


will not yield a neat formula that gives, say, steady-state 
amplitude as a function of this or that list of parameters. 
A listing of a BASIC program that implements the anal- 
ysis will be found in Appendix 
II. 


When 
the circuit 
is first powered 
up, and before the 
oscillations 
have commenced 
(and if the oscillationsfaii 


to commence), 
the oscillator 
can be treated as a small 


signal linear amplifier with feedback. 
In that case, stan- 


dard small-signal 
analysis 
techniques 
can be used to 
determine 
start-up 
characteristics. 
The 
circuit 
model 


used in this analysis is shown in Figure 13. 


The 
circuit 
approximates 
that 
there 
are 
no 
high- 
frequency 
effects within the amplifier 
itself, 
such that 


its high-frequency 
behavior 
is dominated 
by the load 
impedance 
ZL' This is a reasonable 
approximation 
for 
single-stage 
amplifiers 
of the type used in 8051-type 
devices. Then the gain of the amplifier as a function of 
frequency 
is 


4.607 
4.608 
t'--1kHz--J 


Figure 14 - 
Loop Gain versus Frequency 


(4.608 MHz Crystal) 


The gain of the feedback 
network 
is 


(3=_Z_i_ 
Zi + Zr 


J 
AvZL 
(3A=--·-- 
Zi+Zr 
ZL+RO 


The impedances 
ZL' Zr' and Zi are defined 
in Figure 


13B. 


Figure 14 shows the way the loop gain thus calculated 
(using typical 8051-type 
parameters 
and a 4.608 MHz 
crystal) varies with frequency. The frequency of interest 
is the one for which the phase of the loop gain is zero. 
The accepted criterion for start-up is that the magnitude 
of the loop gain must exceed 
unity at this frequency. 


This is the frequency at which the circuit is in resonance. 
It corresponds 
very closely 
with the antiresonant 
fre- 


quency 
of the motional 
arm of the crystal 
in parallel 
with CL. 


Figure 15 shows the way the loop gain varies with fre- 
quency 
when the parameters 
of a 3.58MHz 
ceramic 
resonator 
are used in place of a crystal 
(the amplifier 


parameters 
being typical 8051, as in Figure 
14).. Note 


the different 
frequency 
scales. 
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Figure 15 - 
Loop Gain versus Frequency 


(3.58MHz 
Ceramic) 


It iscommon, in studies of feedback systems, to examine 
the behavior of the closed loop gain as a function of 
complex frequency s = 
C1 +jw; specifically, to deter- 
mine the location of its poles in the complex plane. A 
pole is a point on the complex plane where the gain 
function goes to infinity. Knowledge of its location can 
be used to predict the response of the system to an input 
disturbance. 


The way that the response function depends on the lo- 
cation of the poles is shown in Figure 16. Poles in the 
left half plane cause the response function to take the 
form of a damped sinusoid. Poles in the right half plane 
cause the response function to take the form of an ex- 
ponentially growing sinusoid. In general, 


v(t) - eatsin(wt+ 8) 


where a is the real part of the pole frequency. Thus if 
the pole is in the right half plane, a is positive and the 
sinusoid grows. If the pole is in the left half plane, 
a is negative and the sinusoid is damped. 


The same type of analysis can usefully be applied to 
oscillators. In this case, however, rather than trying to 
ensure that the poles are in the left half plane, we would 
seek to ensure that they're in the right half plane. An 
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Figure 
16 - 
Do You Know Where 
Your Poles 
are Tonight? 


exponentially growing sinusoid isexactly what is wanted 
from an oscillator that has just been powered up. 


The gain function of interest in oscillators is 11(1-I3A). 
Its poles are at the complex frequencies where I3A = 
liSt, because that value of I3Acauses the gain function 
to go to infinity. The oscillator will start up if the real 
part of the pole frequency is positive. More importantly, 
the rate at which it starts up is indicated by how much 
greater than 0 the real part of the pole frequency is. 
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Figure 
17 - 
Oscillator 
Start-Up 
(4.608 
MHz 
Crystal from Standard 
Crystal 
Corp.) 


The circuit in Figure 
13B can be used to find the pole 
frequencies 
of the oscillator 
gain function. 
All that needs 


to be done is evaluate 
the impedances 
at complex 
fre- 
quencies 
(J' +jw rather than just at w, and find the value 
of 
(J' +jw for which ~A = liSt. The larger that value 
of 
(J' is, the faster the oscillator 
will start up. 


Of course, 
other things besides pole frequencies, 
things 
like the VCC rise time, are at work in determining 
the 


start-up time. But to the extent that the pole frequencies 


Figure 
18 - 
Oscillator 
Start-Up 
(3.58 MHz 
ceramic 
Resonator 
from NTK Technical 
Ceramics.) 


do affect start-up time, we can obtain results like those 
in Figures 
17 and 18. 


To obtain these figures, the pole frequencies 
were com- 


puted for various values of capacitance 
Cx from XTALI 


and XTAL2 to ground 
(thus CXt 
= CX2 = Cx). Then 


a 
"time 
constant" 
for 
start-up 
was 
calculated 
as 


T, = ! where 
(J' is the real part of the pole frequency 


(J' 
(rad/sec), 
and this time constant 
is plotted versus Cx. 


A short time constant means faster start-up. 
A long time 


constant 
means 
slow start-up. 
Observations 
of actual 


start-ups 
are shown 
in the figures. 
Figure 
17 is for a 


typical 
8051 
with 
a 4.608 
MHz 
crystal 
supplied 
by 


Standard 
Crystal 
Corp., 
and Figure 
18 is for a typical 


8051 with a 3.58MHz 
ceramic 
resonator 
supplied 
by 


NTK Technical 
Ceramics, 
Ltd. 


It can be seen in Figure 
17 that, for this crystal, 
values 


of Cx between 30 and 50 pF minimize 
start-up time, but 


that the exact 
value 
in this range 
is not particularly 


important, 
even if the start-up 
time itself is critical. 


As previously 
mentioned, 
start-up time can be taken as 


an indication 
of start-up 
reliability. 
Start-up 
problems 


are normally 
associated 
with CXt 
and CX2 being 
too 


small or too large for a given resonator. 
If the parameters 


of the resonator 
are known, curves such as in Figure 17 


or 18 can be generated 
to define acceptable 
ranges of 


values for these capacitors. 


As the oscillations 
grow in amplitude, 
they reach a level 


at which they undergo severe clipping 
within the ampli- 


fier, in effect reducing the amplifier gain. As the ampli- 
fier gain decreases, 
the poles move towards the jw axis. 


In steady-state, 
the poles 
are on the jw axis and the 


amplitude 
of the oscillations 
is constant. 


Steady-State 
Characteristics 


Steady-state 
analysis 
is greatly complicated 
by the fact 


that we are dealing 
with large 
signals 
and nonlinear 


circuit 
response. 
The circuit 
parameters 
vary with in- 


stantaneous 
voltage, and a number of clamping 
and clip- 


ping mechanisms 
come into play. Analyses 
that take all 


these things into account 
are too complicated 
to be of 


general use, and analyses 
that don't 
take them into ac- 


count are too inaccurate 
to justify 
the effort. 


There is a steady-state 
analysis in Appendix 
II that takes 
some of the complications 
into account and ignores oth- 


ers. Figure 19 shows the way the steady-state 
amplitudes 


thus 
calculated 
(using 
tpical 
8051 
parameters 
and 
a 


4.608 
MHz crystal) 
vary with equal 
bulk capacitance 


placed 
from XTALI 
and XTAL2 
to ground. 
Experi- 


mental results are shown for comparison. 


The waveform 
at XTALI 
is a fairly clean sinusoid. 
Its 


negative 
peak is normally 
somewhat 
below 
zero, 
at a 


level which is determined 
mainly by the input protection 


circuitry 
at XTALI. 
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Figure 
19 - 
Calculated 
and Experimental 
Steady-State 
Amplitudes 
ys. Bulk Capacitance 
from 
XTAL 1 and XTAL2 to ground. 


The input protection 
circuitry 
consists of an ohmic re- 


sistor and an enhancement-mode 
FET with the gate and 


source connected 
to ground (YSS), as shown in Figure 


20 for the 8051, 
and in Figure 
21 for the 8048. 
Its 
function 
is to limit the positive 
voltage 
at the gate of 


the input FET to the avalanche 
voltage 
of the drain 


junction. 
If the input pin is driven below YSS, the drain 


and source of the protection 
FET interchange 
roles, so 
its gate is connected 
to what is now the drain. 
In this 
condition 
the device resembles 
a diode with the anode 


connected 
to YSS. 


There is a parasitic pn junction 
between the ohmic re- 
sistor and the substrate. 
In the ROM parts (8051,8048, 
etc.) the substrate is held at approximately 
- 3Y .by the 


on-chip back-bias generator. In the EPROM parts (8751, 
8748, etc.) the substrate is connected 
to YSS .. 


The effect of the input protection 
circuitry 
on the os- 


cillator 
is that if the XTALI 
signal goes negative, 
its 
negative 
peak is clamped 
to - YDS of the protection 


FET in the ROM 
parts, 
and to about 
- .5Y in the 


EPROM parts. These negative voltages on XTALI 
are 


in this application 
self-limiting 
and nondestructive. 


The clamping 
action does, however, raise the DC level 
at XTALI, 
which in turn tends to reduce the positive 
peak at XTAL2. The waveform 
at XTAL2 resembles 
a 


sinusoid riding on a DC level, and whose negative peaks 
are clipped off at zero. 


Since it's normally 
the XTAL2 
signal that drives 
the 


internal clocking circuitry, 
the question natural!y arises 


as to how large this signal must be to reliably do its job . 
In fact, the XTAL2 signal doesn't have to meet the same 
YIH and YIL specifications 
that an external driver would 
have to. That's because as long as the oscillator is work- 
ing, the on-chip 
amplifier 
is driving 
itself through 
its 


own O-to-I transition 
region, 
which is very nearly the 
same as the O-to-I transition region in the internal buffer 
that follows the oscillator. 
If some processing variations 


move the transition 
level higher or lower, the on-chip 
amplifier tends to compensate 
for it by the fact that its 


own transition level is correspondingly 
higher or lower. 


(In the 8096, it's the XTALI 
signal that drives the in- 
ternal clocking circuitry, but the same concept applies.) 


The main concern 
about the XTAL2 signal amplitude 


is as an indication of the general health of the oscillator. 
An amplitude of less than about 2.5Y peak-to-peak 
in- 


dicates 
that start-up 
problems 
could develop 
in some 


units (with low gain) with some crystals (with high R1). 
The remedy is to either adjust the values of CX1 and/or 
CX2 or use a crystal with a lower R1. 


The amplitudes 
at XTALI 
and XTAL2 can be adjusted 
by changing the ratio of the capacitors from XTALI and 
XTAL2 to ground. 
Increasing 
the XTAL2 capacitance, 


for example, 
decreases 
the amplitude 
at XTAL2 and 
increases 
the amplitude 
at XTALI 
by about the same 


amount. Decreasing both caps increases both amplitudes. 


Internal 
pin-to-ground 
and pin-to-pin 
capacitances 
at 
XTALI 
and XTAL2 will have some effect on the os- 


cillator. These capacitances 
are normally taken to be in 
the range of 5 to 10 pF, but they are extremely 
difficult 


to evaluate. 
Any measurement 
of one such capacitance 


will necessarily 
include 
effects 
from the others. 
One 
advantage of the positive reactance oscillator 
is that the 


pin-to-ground 
capacitances 
are paralleled 
by external 


bulk capacitors, 
so a precise determination 
of their value 


is unnecessary. 
We would 
suggest 
that there 
is little 


justification 
for more precision 
than to assign them a 


value of 7 pF (XTAL I-to-ground and XTAL l-to-XTAL2). 
This value is probably 
not in error by more than 3 or 


4 pF. 


The XTAL2-to-ground 
capacitance 
is not entirely "pin 
capacitance," 
but more like an "equivalent 
output ca- 
pacitance" 
of some 25 to 30 pF, having to include the 


effect of internal phase delays. This value will vary to 
some extent with temperature, processing, and frequency. 


The on-chip amplifier on the HMOS MCS-51 family is 
shown 
in Figure 
20. 
The 
drain 
load 
and 
feedback 


"resistors" 
are seen to be field-effect 
transistors. 
The 
drain load FET, RD, is typically equivalent 
to about Ik 
to 3k-ohms. 
As an amplifier, the low frequency 
voltage 
gain is normally between 
- 10 and - 20, and the output 
resistance 
is effectively 
RD' 


The 8051 oscillator 
is normally 
used with equal bulk 


capacitors placed externally from XTALI to ground and 
from XTAL2 to ground. To determine a reasonable value 
of capacitance 
to use in these positions, 
given a crystal 


or ceramic resonator of known parameters, 
one can use 
the BASIC analysis 
in Appendix 
II to generate curves 
such as in Figures 17 and 18. This procedure will define 
a range of values that will minimize 
start-up time. We 
don't 
suggest 
that smaller 
values 
be used than those 
which minimize start-up time. Larger values than those 
can be used in applications 
where increased 
frequency 
stability is desired, 
at some sacrifice in start-up time. 
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Standard Crystal Corp. (reference 
8) studied the use of 
their crystals with the MCS-51 family using skew sam- 
ples 
supplied 
by Intel. 
They 
suggest 
putting 
30 pF 
capacitors 
from XTALI 
and XTAL2 to ground, 
if the 
crystal 
is specified 
as described 
in reference 
8. They 
noted that in that configuration 
and with crystals thus 
specified, the frequency accuracy was 
1: 0.01 % and the 
frequency stability was 
1: 0.005%, 
and that a frequency 
accuracy of 1: 0.005% could be obtained by substituting 
a 25 pF fixed cap in parallel with a 5-20 pF trimmer for 
one of the 30 pF caps. 


MCS-51 
skew samples 
have also been supplied 
to a 
number 
of ceramic 
resonator 
manufacturers 
for char- 
acterization with their products. These companies should 
be contacted 
for application 
information 
on their prod- 


ucts. In general, however, ceramics·tend 
to want some- 


what larger values for CX1 and CX2 than quartz crystals 
do. As shown in Figure 18, they start up a lot faster that 
way. 


In some applications 
the actual frequency 
tolerance re- 


quired is only 1% or so, the user being concerned mainly 
that the circuit will oscillate. 
In that case, CXt and CX2 


can be selected rather freely in the range of 20 to 80 pF. 


As you can see, 
"best" 
values for these components 


and 
their 
tolerances 
are 
strongly 
dependent 
on the 


application 
and 
its requirements. 
In any case, 
their 
suitability 
should be verified by environmental 
testing 


before the design is submitted 
to production. 


The NMOS and HMOS MCS-48 oscillator 
is shown in 


Figure 21. It differs from the 8051 in that its inverting 
amplifier 
is a Schmitt Trigger. 
This configuration 
was 


chosen to prevent crosstalk 
from the TO pin, which is 


adjacent to the XTALI 
pin. 


All Schmitt Trigger circuits exhibit a hysteresis 
effect, 


as shown in Figure 22. The hysteresis 
is what makes 


it less sensitive to noise. The same hysteresis allows any 
Schmitt Trigger to be used as a relaxation oscillator. All 
you have to do is connect a resistor from output to input, 
and a capacitor 
from input to ground, 
and the circuit 
oscillates 
in a relaxation 
mode as follows. 


If the Schmitt 
Trigger 
output 
is at a logic high, 
the 
capacitor 
commences 
charging 
through 
the feedback 


resistor. When the capacitor 
voltage reaches the upper 


trigger point (UTP), the Schmitt Trigger output switches 
to a logic low and the capacitor commences 
discharging 


~ 
hyatereata 


Figure 22 - 
Schmitt Trigger 
Characteristic 


through the same resistor. 
When the capacitor 
voltage 
reaches the lower trigger point (LTP), the Schmitt Trig- 
ger output 
switches to a logic high again, 
and the se- 


quence repeats. The oscillation 
frequency 
is determined 


by the RC time constant 
and the hysteresis 
voltage, 
UTP-LTP. 


The 8048 can oscillate 
in this mode. It has an internal 


feedback 
resistor. 
All that's 
needed is an external ca- 


pacitor 
from XTALI 
to ground. 
In fact, 
if a smaller 
external 
feedback 
resistor 
is added, 
an 8048 system 


could be designed 
to run in this mode. Do it at your 
own risk! This mode of operation is not tested, specified, 
documented, 
or encouraged 
in any way by Intel for the 
8048. Future steppings of the device might have a dif- 
ferent type of inverting 
amplifier 
(one more like the 


8051). 
The CHMOS 
members 
of the MCS-48 
family 
do not use a Schmitt Trigger as the inverting amplifier. 


Relaxation oscillations in the 8048 must be avoided, and 
this is the major objective in selecting the off-chip com- 
ponents needed to complete 
the oscillator 
circuit. 


When an 8048 is powered 
up, if VCC has a short rise 
time, the relaxation 
mode starts first. The frequency 
is 
normally about 50kHz. The resonator mode builds more 
slowly, but it event'ually takes over and dominates 
the 


operation 
of the circuit. This is shown in Figl!re 23A. 


Due to processing 
variations, 
some units se6l1l to have 


a harder time coming out of the relaxation 
mode, par- 


ticularly 
at low temperatures. 
In some cases the reso- 


nator oscillations 
may fail entirely, and leave the device 


in the relaxation 
mode. 
Most units will stick in the 


relaxation mode at any temperature 
if CX1 is larger than 


about 50 pF. Therefore, 
CX1 should be chosen with some 


care .• particularly 
if the system must operate 
at lower 


temperatures. 


One method 
that has proven 
effective 
in all units to 


- 40 C is to put 5 pF from XTALI 
to ground and 20 
pF from XTAL2 to ground. 
Unfortunately, 
while this 


method does discourage 
the relaxation 
mode, 
it is not 
an optimal choice for the resonator mode. For one thing, 
it does not swamp the pin capacitance. 
Also, it makes 


for a rather high signal level at XTALI 
(8 or 9 volts 


peak -to-peak). 


The question arises as to whether that level of signal at 
XTALI might damage the chip. Not to worry. The neg- 
ative peaks 
are self-limiting 
and nondestructive. 
The 


positive peaks could conceivably 
damage the oxide, but 
in fact, NMOS chips (eg, 8048) and HMOS chips (eg, 
8048H). are tested to a much higher voltage than that. 
The technology 
trend, 
of course, 
is to thinner oxides, 


as the devices 
shrink in size. 
For an extra margin of 


safety, the HMOS II chips (eg, 8048AH) have an internal 
diode clamp at XTALI 
to VCc. 


In reality, CX1 doesn't 
have to be quite so small to avoid 
relaxation 
oscillations, 
if the minimum 
operating 
tem- 
perature is not - 40 C. For less severe temperature 
re- 
quirements, 
values of capacitance 
selected in much the 


same way as for an 8051 can be used. The circuit should 
be tested, however, 
at the system's 
lowest temperature 


limit. 


Additional 
security 
against 
relaxation 
oscillations 
can 


be obtained 
by putting 
a 1M-ohm 
(or larger) resistor 
from XTALI 
to VCc. 
Pulling up the XTALI 
pin this 


way seems to discourage 
relaxation 
oscillations 
as ef- 
fectively as any other method (Figure 23B). 


Another thing that discourages 
relaxation 
oscillations 
is 


low VCc. 
The resonator 
mode, 
on the other hand, 
is 


much less sensitive 
to VCc. 
Thus if VCC comes 
up 
relatively 
slowly (several 
milliseconds 
rise time), 
the 
resonator 
mode is normally 
up and running before the 


relaxation 
mode starts (in fact, before VCC has even 
reached operating specs). This is shown in Figure 23C. 


A secondary 
effect of the hysteresis 
is a shift in the 


oscillation 
frequency. 
At low frequencies, 
the output 


signal from an inverter without hysteresis leads (or lags) 
the input by 180 degrees. 
The hysteresis 
in a Schmitt 
Trigger, however, causes the output to lead the input by 
less than 180 degrees (or lag by more than 180 degrees), 
by an amount that depends on the signal amplitude, 
as 


shown in Figure 
24. At higher frequencies, 
there are 


additional phase shifts due to the various reactances 
in 


the circuit, 
but the phase shift due to the hysteresis 
is 


still present. Since the total phase shift in the oscillator's 
loop gain is necessarily 
0 or 360 degrees, 
it is apparent 


that as the oscillations 
build up, the frequency 
has to 


change to allow the reactances 
to compensate 
for the 


hysteresis. 
In normal 
operation, 
this additional 
phase 


shift due to hysteresis 
does not exceed a few degrees, 


and the resulting frequency 
shift is negligible. 


Kyocera, 
a ceramic resonator 
manufacturer, 
studied the 


use of some of their resonators (at 6.0MHz, 8.0MHz, 
and II.OMHz) with the 8049H. Their conclusion as to 
the value of capacitance to use at XTALI and XTAL2 
was that 33 pF is appropriate at all three frequencies. 
One should probably follow the manufacturer's rec- 


ommendations in this matter, since they will guarantee 
operation. 


Whether one should accept these recommendations and 
guarantees without further testing is, however, another 
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Figure 24 - 
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- 
Dependent 
Phase 
Shift In Schmitt Trigger 


matter. Not all users have found the recommendations 
to be without occasional 
problems. 
If you run into dif- 


ficulties using their recommendations, 
both Intel and the 
ceramic resonator 
manufacturer 
want to know about it. 


It is to their interest, 
and ours, that such problems 
be 
resolyed. 


An oscillator 
design should never be considered 
ready 
for production 
until it has proven its ability to function 


acceptably 
well under 
worst-case 
environmental 
con- 


ditions and with parameters at their worst-case tolerance 
limits. Unexpected temperature 
effects in partS.lhat may 
already be near their tolerance 
limits can prevent start- 


up of an oscillator 
that works 
perfectly 
well on the 


bench. For example, 
designers 
often overlook temper- 


ature effects in ceramic capacitors. 
(Some ceramics are 


down to :50% of their room-temperature 
values at - 20° 
C and 
+60° 
C.) The problem 
here isn't just one of 
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Figure 25 - 
Oscillator 
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frequency 
stability, 
but also involves start-up time and 


steady-state 
amplitude. 
There may also be temperature 


effects in the resonator 
and amplifier. 


It will be helpful to build a test jig that will allow the 
oscillator 
circuit to be tested independently 
of the rest 


of the system. 
Both start-up and steady-state 
character- 


istics should be tested. Figure 2S shows the circuit that 
was used to obtain the oscillator 
start-up 
photographs 
in this Application 
Note. This circuit or a modified ver- 


sion of it would make a convenient 
test vehicle. 
The 


oscillator and its relevant components 
can be physically 
separated 
from the control 
circuitry, 
and placed 
in a 
temperature 
chamber. 


Start-up should be observed 
under a variety of condi- 


tions, including low VCC and using slow and fast VCC 
rise times. The oscillator should not be reluctant to start 
up even when VCC is below its spec value for the rest 
of the chip. (The rest of the chip may not function, 
but 


the oscillator 
should work.) 
It should also be verified 


that start-up occurs when the resonator 
has more than 


its upper tolerance limit of series resistance. 
(Put some 
resistance in series with the resonator for this test.) The 
bulk capacitors 
from XTALI 
and XTAL2 
to ground 


should also be varied to their tolerance 
limits. 


The same circuit, with appropriate 
changes in the soft- 


ware to lengthen the "on" 
time, can be used to test the 


steady-state 
characteristics 
of the oscillator, 
specifically 
the frequency, 
frequency 
stability, 
and amplitudes 
at 


XTALI 
and XTAL2. 


As previously 
noted, 
the voltage swings at these pins 
are not critical, 
but they should be checked at the sys- 


tem's temperature 
limits to ensure that they are in good 


health. 
Observing 
these 
signals 
necessarily 
changes 
them somewhat. Observing the signal at XTAL2 requires 
that the capacitor 
at that pin be reduced to account for 
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Figure 26 - 
MOSFET 
Buffer for 


Observing 
Oscillator 
Signals 


the oscilloscope 
probe capacitance. 
Observing the signal 


at XTALI requires the same consideration, 
plus a block- 


ing capacitor 
(switch the oscilloscope 
input to AC), so 


as to not disturb the DC level at that pin. Alternatively, 
a MOSFET 
buffer such as the one shown in Figure 26 


can be used. It should be verified by direct measurement 
that the ground 
clip on the scope probe 
is ohmically 


connected 
to the scope chassis 
(probes 
are incredibly 


fragile in this respect), 
and the observations 
should be 


made with the ground clip on the VSS pin, or very close 
to it. If the probe shield isn't operational 
and in use, the 
observations 
are worthless. 


Frequency 
checks should be made with only the oscil- 


lator circuitry 
connected 
to XTALI 
and XTAL2. 
The 


ALE frequency 
can be counted. 
and the oscillator 
fre- 


quency 
derived 
from that. In systems 
where the fre- 


quency 
tolerance 
is only 
"nominal," 
the frequency 
should still be checked 
to ascertain 
that the oscillator 


isn't running in a spurious resonance or relaxation mode. 
Switching 
VCC off and on again repeatedly 
will help 


reveal 
a tendency 
to go 
into 
unwanted 
modes 
of 


oscillation. 


The operation 
of the oscillator 
should then be verified 


under actual system running conditions. 
By this stage 
one will be able to have some confidence 
that the basic 
selection of components 
for the oscillator 
itself is suit- 


able, so if the oscillator 
appears to malfunction 
in the 
system 
the 
fault 
is 
not 
in the 
selection 
of 
these 
components. 


The first thing to consider 
in case of difficulty 
is that 


between the test jig and the actual application 
there may 


be significant differences 
in stray capacitances, 
partic- 


ularly if the actual application 
is on a multi-layer board. 


Noise glitches, 
that aren't present in the test jig but are 


in the application 
board, are another possibility. Capac- 


itive coupling between the oscillator 
circuitry and other 
signals has already been mentioned 
as a source of mis- 
counts in the internal clocking circuitry. 
Inductive cou- 


pling is also possible, if there are strong currents nearby. 
These problems 
are a function of the PCB layout. 


Surrounding 
the oscillator 
components 
with "quiet" 


traces (VCC and ground, 
for example) 
will alleviate 


capacitive 
coupling 
to signals that have fast transition 


times. To minimize inductive coupling, 
the PCB layout 


should minimize 
the areas of the loops forrned by the 


oscillator 
components. 
These are the loops that should 


be checked: 


XTALI through the resonator 
to XTAL2; 


XTALI 
through eXl 
to the VSS pin; 


XTAL2 through CX2 to the VSS pin. 


It is not unusual to find that the grounded 
ends of CX1 


and CX2 eventually 
connect up to the VSS pin only after 
looping around the farthest ends of the board. Not good. 


Finally, it should not be overlooked 
that software prob- 
lems sometimes imitate the symptoms of a slow-starting 
oscillator 
or incorrect 
frequency. 
Never underestimate 
the perversity 
of a software 
problem. 
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APPENDIX I 
QUARTZ AND CERAMIC RESONATOR FORMULAS 


Based on the equivalent circuit of the crystal, the imped- 
ance of the crystal is 


Z 
_ 
(R1 + jwLI + IIjwC1)(lIjwCo) 


XTAL- 
R1 + jwLI 
+ 
I/jwC1 
+ 
IIjwCo 


After some algebraic manipulation, 
this calculation 
can 


be written in the form 
I 
Z 
---- 
XTAL- 
jw(CI + Co) 


- 
w2L1C1 + jwR,C1 
- 
w2L1CT + jwR,CT 


where CT is the capacitance 
of C1 in series with Co: 


CICO 
CT = --- 


C, + Co 


The impedance of the crystal in parallel with an external 
load capacitance 
CL is the same expression, 
but with 


Co + CL substituted 
for Co: 


I 
1-w2L,C1 + jwR,C1 


jw(C1+CO+CL) 
l-w2L,Cr+jwR,Cr 


where 
C~ is the 
capacitance 
of 
C, 
in series 
with 


(CO+CL): 


C1(CO+CL) 
C~ = ------ 


C1 + Co + CL 


The impedance 
of the crystal 
in series with the load 


capacitance 
is 


I 


= ZxTAL+ jwCL 


CL + C1+CO 
I 


jwCL(C,+CO) 
I 


w~L,C~ + jwRIC~ 


w2L,CT + jwR1CT 


where CT and C~ are as defined above. 


The phase angles of these impedances 
are readily ob- 
tained from the impedance 
expressions 
themselves: 


_ 
wR1C1 


8XTAL - 
arctan 
I _ 
w2L,C1 


wR1CT 
-arctan 
I - 
w2L1CT 


8XTALI CL 
= arctan 
wR1C1 
I - 
w2L1C1 


wR1c;. 
- 
w2L,C~ 


wR1CT 
- 
w2LIC~ 


wR1CT 
1T 


- arctan 
I - 
w2L1CT 
2 


The resonant 
("series 
resonant") 
frequency 
is the fre- 


quency at which the phase angle is zero and the imped- 
ance is low. The antiresonant 
("parallel 
resonant") 
fre- 


quency is the frequency at which the phase angle is zero 
and the impedance 
is high. 


Each of the above 
8-expressions 
contains 
two arctan 
functions. 
Setting the denominator 
of the argument 
of 


the first arctan function 
to zero gives (approximately) 


the "series 
resonant" 
frequency 
for that configuration. 


Setting the denominator 
of the argument 
of the second 


arctan function to zero gives (approximately) 
the "par- 


allel resonant" 
frequency 
for that configuration. 


For example, the resonant frequency of the crys,al is the 
frequency 
at which 


I - 
w2L1C1 
= 0 
I 
w=--- 


s~ 


f 
= 
I 


s 
21T~ 


It will be noted that the series resonant frequency 
of the 
"XTAL+CL" 
configuration 
(crystal in series with CL) 


is the same as the parallel 
resonant 
frequency 
of the 


"XTAL 
II CL" 
configuration 
(crystal 
in parallel 
with 
CL)' This is the frequency 
at which 


I - 
w2L,C~ = 0 
I 


Wa 
= VL C· 
I 
T 


f 
= 
I 
a 
21TVLIC~ 


This fact is used by crystal manufacturers 
in the process 


of calibrating 
a crystal to a specified load capacitance. 


By subtracting the resonant frequency ofthe crystal from 
its antiresonant 
frequency, 
one can calculate 
the range 


of 
frequencies 
over 
which 
the 
crystal 
reactance 
is 


positive: 


fa - 
fs = fs (VI 
+ C/Co 
- 
I) 


= fs (2~J 


Given typical values for C I and Co' this range can hardly 
exceed 0.5% of fs. Unless the inverting amplifier in the 
positive 
reactance 
oscillator 
is doing 
something 
very 


strange indeed, the oscillation 
frequency 
is bound to be 


accurate to that percentage 
whether the crystal was cal- 


ibrated for series operation 
or to any unspecified 
load 


capacitance. 


ESR is the real part of ZXTALat the oscillation frequency. 
The oscillation 
frequency 
is the parallel 
resonant 
fre- 


quency 
of the "XTAL 
IICL" 
configuration 
(which 
is 


the 
same 
as 
the 
series 
resonant 
frequency 
of 
the 


"XTAL+CL" 
configuration). 
Substituting 
this 
fre- 


quency 
into the ZXTALexpression 
yields, 
after some 


algebraic manipulation, 


R1(~)2 


+ "iC~(CO~LCL)2 


C 
"" R, (I + ---2)2 
CL 


The power dissipated 
by the crystal is I~R" where I, is 


the RMS current in the motional arm of the crystal. This 
current is given by V.;IZII, where Vx is the RMS voltage 
across the crystal, and IZ,I is the magnitude of the imped- 
ance of the motional arm. At the oscillation 
frequency, 


the motional 
arm is a positive 
(inductive) 
reactance 
in 


parallel resonance 
with (Co+CJ. 
Therefore 
IZ,I is ap- 


proximately 
equal to the magnitude 
of the reactance of 
(CO+CL): 
I 


IZ,I = 21Tf(Co+ CL) 


where f is the oscillation 
frequency. 
Then, 


p =' I~R, = (~~I) 
2R, 


= [21Tf(Co+ CL)Vx]2R, 


The waveform of the voltage across the crystal (XTALI 
to XTAL2) is approximately 
sinusoidal. 
If its peak value 


is VCC, then Vx is VCCrV2. 
Therefore, 


APPENDIX II 
OSCillATOR 
ANALYSIS PROGRAM 


The program 
is written 
in BASIC. 
BASIC 
is excru- 


ciatingly 
slow, 
but it has some 
advantages. 
For one 
thing, 
more people know BASIC than FORTRAN. 
In 


addition, 
a BASIC program is easy to develop, 
modify, 
and "fiddle around" 
with. Another important advantage 


is that a BASIC 
program 
can run on practically 
any 
small computer 
system. 


Its slowness 
is a problem, 
however. 
For example, 
the 
routine 
which calculates 
the "start-up 
time constant" 
discussed in the text may take several hours to complete. 
A person who finds this program 
useful may prefer to 
convert it to FORTRAN, 
if the facilities 
are available. 


The program 
was developed 
with specific reference 
to 
8051-type 
oscillator 
circuitry. 
That means the on-chip 


amplifier is a simple inverter, and not a Schmitt Trigger. 
The 8096, the 8OC51, the 8OC48 and 8OC49 all have 
simple inverters. 
The 8096 oscillator 
is almost identical 


to the 8051, 
differing 
mainly 
in the input protection 


circuitry. 
The CHMOS 
amplifiers 
have somewhat 
dif- 
ferent parameters 
(higher gain, for example), 
and dif- 


ferent transition 
levels than the 8051. 


The MCS-48 family is specifically 
included in the pro- 


gram only to the extent that the input-output 
curve used 


in the steady-state 
analysis is that of a Schmitt Trigger, 
if the user identifies 
the device 
under 
analysis 
as an 


MCS-48 device. The analysis does not include the volt- 
age dependent 
phase shift of the Schmitt Trigger. 


The clamping 
action of the input protection 
circuitry is 
important 
in determining 
the steady-state 
amplitudes. 
The steady-state 
routine 
accounts 
for it by setting the 


negative 
peak of the XTALI 
signal at a level which 


depends on the amplitude 
of the XTALI 
signal in ac- 


cordance 
with experimental 
observations. 
It's an exer- 


cise in curve-fitting. 
A user may find a different 
type 
of curve works better. Later steppings of the chips may 
behave differently 
in this respect, having somewhat dif- 


ferent types of input protection 
circuitry. 


It should be noted that the analysis 
ignores a number 
of important 
items, 
such as high-frequency 
effects 
in 


the on-chip circuitry. 
These effects are difficult to pre- 


dict, and are no doubt dependent 
on temperature, 
fre- 


quency, and device sample. 
However, 
they can be sim- 


ulated 
to a reasonable 
degree 
by adding 
an "output 
capacitance" 
of about 20 pF to the circuit model (ie, 


in parallel with CX2), as described 
below. 


The program 
asks the user to input values for various 


circuit 
parameters. 
First the crystal 
(or ceramic 
reso- 


nator) parameters 
are asked for. These are RI, Ll, CI, 


and CO. The manufacturer 
can supply these values for 
selected samples. 
To obtain any kind of correlation 
be- 


tween calculation 
and experiment, 
the values of these 


parameters must be known for the specific sample in the 
test circuit. The value that should be entered for CO is 
the CO of the crystal 
itself plus an estimated 
7 pF to 


account for the XTALl-to-XTAL2 
pin capacitance, 
plus 


any other stray capacitance 
paralleling 
the crystal that 


the user may feel is significant 
enough to be included. 


Then the program asks for the values of the XTAL I-to- 
ground 
and 
XTAL2-to-ground 
capacitances. 
For 


CXTALl, 
enter the value of the externally 
connected 


bulk capacitor 
plus an estimated 
7 pF for pin capaci- 


tance. 
For CXTAL2, 
enter the value of the externally 


connected bulk capacitor plus an estimated 7 pF for pin 
capacitance 
plus about 20 pF to simulate high-frequency 


roll-off and phase shifts in the on-chip circuitry. 


Next the program 
asks for values for the small-signal 
parameters 
of the on-chip 
amplifier. 
Typically, 
for the 


8051/8751, 


Amplifier Gain Magnitude 


Feedback 
Resistance 


Output Resistance 


15 
2300k-ohms 
2k-ohms 


The same values can be used for MCS-48 (NMOS and 
HMOS) devices, but they are difficult to verify, because 
the Schmitt Trigger does not lend itself to small-signal 
measurements. 


100 
DEFDBL 
C.D.F.G.L.P.R.S.X 


200 
REM 
300 
REM *********************************************************************** 
400 
REM 
500 
REM 


600 
REM 
700 
REM 
800 
REM 
FNZM 
(R. Xl 
= MAGrH 
TUDE 
OF 
A 
COMPLEX 
NUMBER. 
:R+ JX: 


900 
DEF 
FNZM(R.Xl 
= 
SQR(RA2+XA2l 
1000 
REt1 
1100 
REM 
FNZP(R. 
Xl 
1200 
PEM 
1300 
REM 
1400 
REM 
1500 
DEF 
FNZP(R. 
Xl 
1600 
REM 
1700 
REM 
1800 
REM 
1900 
REM 
2000 
DEF 
2100 
DEF 
2200 
REM 
2300 
REM 
2400 
REM 
2500 
REM 
2600 
REM 
2700 
DEF 
2800 
DEF 
2900 
REM 
3000 
REM 
3100 
REM 


3200 
REM 
3300 
REM 
3400 
REM 


3500 
DEF 
3600 
DEF 
3700 
REM 
3800 
REM 
3900 
REM 
4000 
REM 


4100 
DEF 
FNRM(RA. 
XA.RB.XBl 


4200 
DEF 
FNXM(RA.XA.RB.XBl 
4300 
REM 
4400 
REM 
4500 
REM 
4600 
REM 
4700 
REM 
4800 
REM 
4900 
REM 
5000 
REM 
5100 
REM 
5200 
REM 
5300 
REM 
5400 
REM 
5500 
DEF 
5600 
DEF 
5700 
REM 
5800 
REM ******************************~*****.********************************* 


5900 
REM 
6000 
REM 
6100 
REM 
6200 
LET 
PI 
= 
3 
141592654_ 


6300 
REr1 
6400 
REM 
6'00 
GOSt)B 
14500 


6600 
REM 


6700 
REM 
ESTABLISH 
NOf"iJNAL 
RESONANT 
~Nn 
Af..lTIRESONANT 
CRYSTAL 
FREQUENCIES 


6800 FS = 
FIX(1/(2*PI~SQR(Ll*Cl}») 


6900 
FA 
= 
FIX(1/(2*PI*SQRCLl*C14CO/(Cl.(O))i 


7000 
PRINT 
7100 
PRINT 
"XTAL 
IS 
SERIES 
RESONANT 
AT 
". FS." 
HZ" 
7200 
PRINT 
PARALLEL 
RESONAN1 
AT 
".FA. 
HZ" 
7300 
PRINT 


7400 
PRINT 
"SELECT 
7500 
PRINT 


7600 
PRINT 
7700 
PRINT" 


7800 
PRINT 


ANGLE 
OF 
A 
COMPLEX 
NUMBER 
180/PI*ARCTAN(X/Rl 
IF 
R>O 


180/PI*ARCTAN(X/R) 
+ 
180 
IF 
R<O 
AND 
X>C 


180/PI*ARCTAN(X/Rl 
- 
180 
IF 
R<O 
AND 
X<O 


180/PI*ATN<X/R) 
- 
(SGN(R)-I,*5GN(X)*90 


INDUCTIVE 
IMPEDANCE 
AT 
C011PLEX 
FREQUENCY 
Z 
= 2*PI*S*L 
+ 
J2*PI*F*L 


FNRL(S,L) 
+ 
JFNXL(F,L) 
FNRL(SL.LLl 
= 
2_*PI*SL*LL 
FNXL(FL.LLl 
= 
2_*PI*FL*LL 


CAPACITIVE 
IMPEDANCE 
AT 
COMPLEX 
FREQUENCY 
S+JF 
(HZl 
Z 
= 
1/C2*Pl*<S+JF)*CJ 
= 
S/[2*PI*(S~2+F~2)*CJ 
+ 
J(-F)/[2*PI*(S~2+FA2)C] 


= 
F~RC(S.F.C) 
+ 
JFNXC(S.F.Cl 


FNRC 
(SC, FC. CC) 
= 
SC / (2#*P 
I* (SC""'·2+FC'''·2)*CC 
) 
FNXC(SC.FC.CC) 
= 
-FC/(2.*PI*(SCA2+FC~2)*CC) 


RDA2+XBA2 
RBA2+XB~2 


FNRR(RA.XA.RB,XB> 
+ 
JFNXR(RA.XA,RB.XB) 
FNRR(RA, 
XA, RB, 
XB> 
= 
(RA*RB+XA*XBl/(RBA2+XB 
2) 
FNXR(RA.XA.RB, 
XBJ 
= 
(XA*RB-XB*RAJ/(RBA2+Xe 
2) 


PRODUCT 
OF 
TWO 
COMPLEX 
NUMBERS 
(RA+jXA>*(RB+jXB) 
RA*RB-XA*XB 
+ 
j'XA*RB+RA*XB) 
FNRM(RA.XA.RB.XBl 
+ 
JFNXM(RA.XA.RB.XBl 
RA*RB 
- 
XA*XB 
RA*XB 
+ 
RB*XA 


XA*(RBr2+XB 
..... 
2)+XB*<RA 
..... 
2+XA 
..... 
2) 


J 
----------------------------- 
(RA+RBJ 
..... 
2 
+ 
(XA+XB) 
..... 
2 


FNRP(RA. 
XA, RB. XB) 
+ 
jFNXP(RA, 
XA. RB. 
XB) 
FNRP(RA, 
XA.RB, 
XB) 
= 
(RA*(RB- 
2+XB'2) 
+ 
RB*(RA~2+XA 
2»/«RA+RB) 
2 
+ 
(XA+XB) 
2) 


FNXP(RA.XA.RB.XB) 
= 
<XA*(RB~2+XB~2l 
+ 
XB*(RAA2+XA 
2»/«RA+RBJ 
2 
+ 
(XA+XB) 
2) 


LIST 
PARAMETERS" 


CIRCUIT 
ANALiSIS" 
OSCILLATlOt.J 
FREGUENCY" 


START·-UP 
TIME 
CONSTANT 


STEADY-STATE 
ANALYSIS" 


7900 PRINT 
8000 
INPUT N 
8100 
IF N=I THEN PRINT 
ELSE 
8600 
8200 REM 
8300 REM 
-~------------------ 
LIST 
PARAMETERS 
---.------------------------- 
8400 
COSUB 
17100 
8500 
COTO 
6800 
8600 
IF N=2 
THEN PRINT 
ELSE 9400 
8700 REt1 
8800 
REM 
-------------------- 
CIRCUIT 
ANALYSIS 
--------------------------- 
8900 
PRINT" 
FREQUENCY 
S+JF 
TYPE 
(5), (F) " 


9000 
INPUT SQ.FQ 
9100 
COSUB 
20200 
9200 COSUB 
26600 
9300 COTO 6800 
9400 
IF N=3 THEN 
10300 ELSE 
11000 
9500 REM 
9600 REM 
------------------ 
OSCILLATION 
FREQUENCY 
------------------------ 
9700 CL = CX*CY/(CX+CY) 
+ CO 
9800 FQ = FIX(I/(2*PI*SOP(LI*CI*CL/(CI+CL»» 
9900 SQ = 0 
10000 DF = FlX(10~INT(LOC(FA-FS)/LOG(10)-2)+. 
5) 
10100 DS = 0 
10200 RETURN 
10300 COSUB 
9700 
10400 COSUB 30300 
10500 PRINT 
10600 PRINT 
10700 PRINT 
"FREQUENCY 
AT WHICH 
LOOP 
GAIN HAS 
ZERO PHASE 
ANGLE· " 
10800 COSUB 
26600 
10900 aOTO 
6800 
11000 
IF N=4 THEN PRINT 
ELSE 
12200 
11100 REM 
11200 REM ---------------- 
START-UP 
TIME CONSTANT 
------------------------- 
11300 PRINT 
"THIS WILL 
TAKE SOME 
TIME 
11400 COSUB 
9700 
11500 aOSUB 
37700 
11600 PRINT 
11700 PRINT 
11800 PRINT 
"FREQUENCY 
AT WHICH 
LOOP GAIN 
= 1 AT 0 DECRELil:" 
11900 COSUB 
26600 
12000 
PRINT 
PRINT 
"THIS 
YIELDS 
A 
START-UP 
TIME 
CONSTANT 
OF 
"iCSNG<lOOOOOO!/(2*PI*SO))i" 
MICROSECS" 
12100 GO TO 6800 
/ 
12200 
IF N-5 THEN PRINT 
ELSE 
7300 
12300 REM 
12400 REM ---------------- 
STEADY-STATE 
ANALYSIS 
--------------------------- 
12500 PRINT 
"STEADY-STATE 
ANALYSIS" 
12600 PRINT 
12700 PRINT 
"SELECT: 


12800 PRINT 
" 
12900 PRINT 
" 


13000 PRINT 
13100 
INPVT 
ICX 
13200 
IF IC7.(1OR 
IC7.)4 THEN 
12600 
13300 COSUB 
46900 
13400 GOTO 
7300 
13500 REM 
SUBROUTINE 
BELOW 
DEFINES 
INPUT-OUTPUT 
CURVE 
OF OSCILLATOR 
CKT 
13600 
IF 
ICX>2 
AND 
VO=5 
AND 
VI<2 
THEN 
RETURN 
13700 VO = -10*VI 
+ 15 
13800 
IF VO>5 THEN VO = 5 
13900 
IF VO(.2 
THEN VO _ 
2 
14000 
IF IC7.>2AND VO>2 
THEN VO 
14100 RETURN 
14200 REM 
14300 
REM ******.****************************.**.************ 
•••*.****** 
14400 REM 
14500 REM 
14600 REM 
14700 
INPUT 
" R I (OHMS)". R 1 
14800 
INPUT" 
Ll 
(HENRY)",Ll 
14900 
INPUT" 
CI 
(PF)",X 
15000 CI = X*IE-12 
15100 
INPUT" 
CO 
(PF)", X 
15200 CO = X*IE-12 
15300 
INPUT" 
CXTALl 
(PF)", X 


15400 CX = X*IE-12 
15500 
INPUT" 
CXTAL2 
<PF)",X 
15600 
CV 
~ 
X*lE-12 


I. 
8031/8051" 
2 
8751" 
3 
8035/8039/8040/8048/8049" 
4 
8748/8749" 


15700 
15800 
15900 
16000 
16100 
16200 
16300 
16400 
16500 
16600 
16700 
16800 
16900 
17000 
17100 
17200 
17300 
17400 
17500 
17600 
17700 
17800 
17900 
18000 
18100 
18200 
18300 
18400 
18500 
18600 
18700 
18800 
18900 
19000 
19100 
19200 
19300 
19400 
19500 
19600 
19700 
19800 
19900 
20000 
20100 
20200 
20300 
20400 
20500 
20600 
20700 
20800 
20900 
21000 
21100 
21200 
21300 
21400 
21500 
21600 
21700 
21800 
21900 
22000 
22100 
22200 
22300 
22400 
22500 
22600 
22700 
22800 
22900 
23000 
23100 
23200 
23300 
23400 


INPUT" 
GAIN 
FACTOR 
MAGNITUDE". 
AV# 


INPUT" 
AMP 
FEEDBACK 
RESISTANCE 
(K-OHMS) 
", 
X 


RX 
= 
X*lOaO*' 
INPUT" 
AMP 
OUTPUT 
RESISTANCE 
(K-OHf1S)"; 
X 


RO 
= 
X*1000# 
REM 
REM 
REM 
GOSUB 
17100 


RETURN 
REf1 
REt1 
REM 
.******.***~~.***~* 
••4~.**.~~~*4~*~.********.***************** 
REf1 


REf'i 
REM 
PRINT 
PRINT 
"CURRENT 
PARAMETER 
VALUES 
PRINT 
PRINT" 
PRINT 
PRINT 
PRINT" 
PRINT 
PRINT 
PRINT 
PRINT 


PRINT 
"TO 
CHANGE 
A 
PARAMETER 
VALUE 
TYPE 
(PARAM 
NO 
), 
(NEW 
VALUE) 
" 
PRINT 
"OTHERWISE. 
TYPE 
0.0 
" 


INPUT 
N'l..X 
IF 
N'l.=O THEN 
IF 
N'l.=1 THEN 
IF 
N'l.=2 THEN 
IF 
N'l.=3 THEN 
IF 
N'l.=4 THEN 
IF 
N'l.=5 THEN 
IF 
N'l.=6 THEN 


IF 
N'l.=7 THEN 
IF 
N'l.=8 THEN 
IF 
N'l.=9 THEN 
GOTO 
17400 
REM 
REM 
REM 
***********.********.********* 
••****************************.* 
REM 
REM 
REM 
REM 
REM 
REM 
REf., 
Xl = 
RE = 
XE = 
REM 
REM 
2 
RF 
+ 
JXF 
REM 
RF 
= 
FNRPlRX.O.RE.xE) 
XF 
= 
FNXPlRX.O.RE.XEl 


REM 
REM 
3 
Input 
impedance 
71 
REM 
RI 
= 
FNRC(SG,FG,C'} 


XI 
= 
FNxceSG,FG,C~} 


REM 
REM 
4 
Load 
impedance 
REM 
RL 
= 
FNRP«RF+RIl 
'XF+X!),FNRceSQ 
FQ,CY),FtHC(SQ,FG,CY» 


XL 
= 
FNXP«PF+RI 
,eXFt-XI\,FtJRCtSQ 
r-G 
CYI.r;-r.,jXC(SG,FG,CY}} 


REM 
REM 
5 
AmplIfier 
gain 
A 
~ 
-AV*ZL/(ZL~RO) 


REM 
~: ';,reali 
-+- 
iA~lmaglnary) 


REI" 
AR* 
= 
-AV**FNRR 
(RL, 
XL, : RO-t-RL) 
I XL i 
AI* 
= 
-AV**FNXR(RL 
XL, 
'RQfFfL), 
t'L\ 


REM 
REM 
6 
FeedbaL~ 
ratiO 
t~~tai 


REM 


RI 
"; PI." 
OHMS" 


2 
Ll 
"; CSNG(Ll)," 
HENRY" 
3 
Cl 
"; CSNG(Cl*IE+12li" 
PF" 
4 
CO 
It, CSNG(CO*lE+12)," 
PF" 


5 
CXTALI 
= 
"; CSNG(CX*IE+12}." 
PF" 
6 
CXTAL2 
= 
". CSNG(CY*IE+12L" 
PF" 


AMPLIFIER 
GAIN 
MAGNITUDE 
". AV# 
FEEDBAC"'-. RESISTANCE 
= 
"; CSNG(RX* 
001);" 
""'·-OHMS" 
OUTPUT 
RESISTANCE 
= 
". CSNG<RO*. 
001); 
" 
K-OHMS" 


RETURN 
RI 
X 


LI 
X 


CI 
X*IE-12 
CO 
X*IE-12 


ex 
X*lE-12 


CY 
)(*IE-12 


AV# 
= 
X 


RX 
X*IOOO' 


RD 
= 
X*IOCO' 


FNXL(FG,Lli 
+ 
FNXC(SQ,FQ.Cli 


FNRP«RI+FNRL(SG,LI)+FNRC(SQ,FG,Cl)),Xl,FNRC(SG,FG.CO),FNXC(SG,FG.CO) 
FNXP«RI+FNRL(SQ,Ll)-+-FNRC(SQ,FO,Cl)}, 
XI.FNRC(SO,FG.CO}.FNXCCSO,FG,CO}) 


23500 
23600 
23700 
23800 
23900 
24000 
24100 
24200 
24300 
24400 
24500 
24600 
24700 
24800 
24900 
25000 
25100 
25200 
25300 
25400 
25500 
25600 
25700 
25800 
25900 
26000 
26100 
26200 
26300 
26400 
26500 
26600 
26700 
26800 
26900 
27000 
27100 
27200 
27300 
27400 
27500 
27600 
27700 
27800 
27900 
28000 
28100 
28200 
28300 
28400 
28500 
28600 
28700 
28800 
28900 
29000 
29100 
29200 
29300 
29400 
29500 
29600 
29700 
29800 
29900 
30000 
30100 
30200 
30300 
30400 
30500 
30600 
30700 
30800 
30900 
31000 
31100 
31200 


REr' 
BRit = FNRRIRl. XI. rRI+RF). IXl+XF» 
BUt 
= 
FNXR<RI. 
XI. 
(RI+RF). 
(XI+XF» 


REM 
REM 
7 


REM 
A = FNZM<ARIt.AltI) 
AP = FNZP(ARtI,Altll 
REt' 
REM 
8 
(beta) 
In 
magnitude/phase 
form 
BR+JBI 


REM 
B = FNZMIBRtI.Blt1l 
3P = FNZPIBRtI.BltI) 
REM 
REM 
9 
Loop 
galn 
G 
= 
(BR+JBI)*(AR+JAI) 


REM 
= 
G(real) 
+ 
JG(lmaglnary) 
REt' 
GR = FNRM<ARIt.AltI,BRtI.BltI) 
Gl = FNXMIARtI,AltI.BRtI.Blt1) 
REM 
REM 
10 
Loop 
g31n 
in 
magnitude/phase 
form: 
GR+JGI 
REM 
AL = FNZMIGR.Gl) 
AQ = FNZP(GR.Gl) 
RETURN 
REM 


REf"i 
REM 
**********.*.~**~********.*.*.** 
••*•• *.*.*****.**********.**** 
RE"! 
REM 
REM 
PRINT 
PRINT 
PRINT 
PRINT 
" 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
RETURN 
REM 
REM 
REM 
************************************************************** 


REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
GOSUB 
20200 
GOSUB 
26600 


IF GI=O 
THEN RETURN 
SX'l.= INTISGN(GI» 
IF SX'l.=+1THEN 
OS 
-OS 
REM 
(REVERSAL 
OF OS FOR GI:O 
IS FOR THE POLE-SEARCH 
ROUTINE. ) 
REM 
REM 
2 
INCREMENT 
THE FREQUENCY 
REM 
SP 
:D' 
SO 


FREQUENCY 
= ";SQ," 
+ 
J"; 
FQ;" HZ" 
HAL 
IMPEDANCE 
= ";FNZM'RE.XE);" 
OHMS AT 
";FNZPIRE.XE);" 
DEGREES" 


IRE = ";CSNG(RE);" 
OHMS)" 


IXE = ";CSNG(XE);" 
OHMS)" 
LOAD 
IMPEDANCE 
= ".FNZM (RL,XU." 
OHMS AT 
";FNZP IRL. XU;" 
DEGREES" 


AMPLIFIER 
GAIN 
= ";A;" AT 
",AP;" DEGREES" 
FEEDBACK 
RATIO 
= ",B." AT 
";BP." 
DEGREES" 
LOOP GAIN 
= ";AL;" AT 
";Aa." DEGREES" 


This 
routine 
searches 
for 
the 
fre~uency 
at 
which 
the 
im~gin.ry 
part 


of 
the 
loop 
gain 
is 
zero. 
The 
algorithm 
IS 
~s 
follows. 


1. 
Calculate 
the 
sign 
of 
the 
imagInary 
part 
of 
the 
loop 
gain 
(01). 


2 
Increment 
the 
fre~uency 
3. 
Calculate 
the 
s1gn 
of 
GI 
at 
the 
incremented 
frequency. 
4. 
If 
the 
sign 
of 
Gl 
has 
not 
changed. 
go 
back 
to 
2. 


5. 
If 
the 
sign 
of 
GI 
has 
c~anged. 
and 
this 
frequency 
is 
within 


1Hz 
of 
the 
previous 
sign-change, 
e~it 
the 
routine. 


6. 
OtherWIse, 
divide 
the 
frequency 
increment 
by 
-10. 


7. 
Go 
back 
to 
2. 


The 
routine 
is 
entered 
WIth 
the 
starting 
frequency 
SG+JFG 
and 


starting 
increment 
OS+JDF 
already 
defined 
by 
the 
calling 
program. 
In 
actual 
use 
either 
DS 
or 
OF 
is 
zero, 
so 
the 
routine 
searches 
for 
a 
Gl=O 
pOlnt 
by 
incrementlng 
elther 
SO 
or 
FG 
while 
holding 
the 
other 


constant. 
It 
return~ 
control 
to 
t~e 
calilng 
program 
with 
the 


lncremented 
part 
of 
the 
fre,uency 
beIng 
wlthin 
1Hz 
of 
the 
actual 
GI=O 
pOlnt 


31300 
31400 
31500 
31600 
31700 
31800 
31900 
32000 
32100 
32200 
32300 
32400 
32500 
32600 
32700 
32800 
32900 
33000 
33100 
33200 
33300 
33400 
33500 
33600 
33700 
33800 
33900 
34000 
34100 
34200 
34300 
34400 
34500 
34600 
34700 
34800 
34900 
35000 
35100 
35200 
35300 
35400 
35500 
35600 
35700 
35800 
35900 
36000 
36100 
36200 
36300 
36400 
36500 
36600 
36700 
36800 
36900 
37000 
37100 
37200 
37300 
37400 
37500 
37600 
37700 
37800 
37900 
38000 
38100 
38200 
38300 
38400 
38500 
38600 
38700 
38800 
38900 
39000 


FP = 
SG = 
FG = 
REr1 
REM 
3 


REr1 
GOSUB 
20200 
CQSUS 
26600 
IF !NT(SGN(GI»=O 
THEN RETURN 


REM 
REM 
4 
REM 
IF SXY.+!NT(SGN(Gl»=O 
THEN PRINT 
ELSE 
31400 
SXY. = -SXY. 
REM 
REM 
5 
REM 
REM 
REM 
REt1 
IF ABS(SP-SQ)<1 
AND ABS'FP-FO)<1 
AND SXY.=-1 THEN RETURN 


REM 
REM 
6 
REM 
OS = -OS/I01l 
OF = -OF/I01l 
REM 
REM 
7 
GO BACK 
TO 2. 


REM 
GOTO 31200 
REM 
REr1 
REM 
*********.**************************************************** 


REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
GOSUB 
9700 
GOSUB 
30300 
REM 
REM 
2. 


REM 
SYY. = INT(SGN(AL-!'» 
IF SYY'=-1 THEN STOP 
REM 
ESTABLISH 
INITIAL 
INCPEMENTATION 
VALUE 
FOR 
FQ 
Fl = FQ 
OF = 
(FA-Fl)f lOll 
GOSUB 
30300 
DE 
(FQ-F1l 110# 
OF 
0 


FG 
= 
FI 


FQ 
SO 
+ OS 
FG 
+ 
OF 


IF 
THE 
SIGN 
OF 
GI 
~tAS 
CHANGED. 
AND 
IF 
THIS 
FREGUENCY 
IS 
WITHIN 


1HZ 
OF 
TI.-lEPREVIUUS 
5!GN-C~ANGE; 
AND 
!F 
G! 
IS NEGATIVE 
THEN 
EXIT 
THE ROUTINE 
(THE ADDITIONAL 
REQUIREMENT 
FOR NEGATIVE 
GI 


IS FOR 
THIOPOLE -SEARCH 
ROUT! NE 
) 


This 
routine 
searches 
for 
the 
frequency 
at 
which 
the 
loop 
gain 
= 
1 


at 
0 
degrees. 
That 
frequency 
15 
the 
pole 
frequency 
of 
the 
closed- 


loop 
gain 
function 
The 
pole 
frequency 
is 
a 
complex 
number. 
SO+JFG 


(Hz) 
Oscillator 
start-up 
ensues 
l' 
50>0 
The 
algorithm 
is 
based 
on 


the 
calculated 
behaVior 
of 
the 
phase 
angle 
of 
the 
loop 
gain 
in 
the 


~eg10n 
of 
interest 
on 
the 
complex 
plane. 
The 
locus 
of 
points 
of 
zero 


phase 
angle 
crosses 
the 
J-axis 
at 
the 
oscillation 
frequency 
and 
at 


some 
higher 
frequency. 
In 
between 
these 
two 
cross1ngs 
of 
the 
J-axis, 
the 
locus 
11es 
in 
Quadrant 
I 
of 
the 
comple1 
plane, 
forming 
an 


approximate 
parabola 
wh1ch 
opens 
to 
the 
left 
The 
basic 
plan 
is 
to 


follow 
the 
locus 
from 
where 
it 
crosses 
the 
J-axis 
at 
the 
oscillation 


frequency, 
intq 
Quadrant 
I, 
and 
flnd 
the 
point 
on 
that 
locus 
where 


the 
loop 
galn 
has 
a 
magnltude 
of 
1 
The 
algor1thm 
is 
as 
follows. 


1 
Find 
th~ 
oscl11atlon 
frequency, 
O+JFG 
2 
At 
thlS 
frequency 
calculate 
the 
slgn 
of 
(AL-l) 
(AL 
= 
magnitude 


of 
loop 
gain. 
) 
3 
Increment 
FQ 
4 
For 
this 
value 
of 
FO, 
find 
the 
value 
of 
SG 
for 
wh1ch 
the 
loop 


gain 
has 
zero 
phase 


5 
For 
thIS 
value 
of 
SG+JFG, 
calculate 
the 
slgn 
of 
(~L-l) 
6 
If 
the 
Sign 
of 
(AL-l) 
t:as 
not 
changed. 
go 
back 
to 
3 
7. 
If 
the 
slgn 
of 
(AL-l) 
has 
changed. 
and 
this 
value 
of 
FG 
is 
Within 
1Hz 
of 
the 
preViOUS 
Sign-change. 
exit 
the 
routine. 
8 
OtherWIse, 
divide 
the 
FG-lncrement 
by 
-10 
9. 
Go 
bacl( 
to 
3 


39100 
39200 
39300 
39400 
39:l00 
39600 
39700 
39800 
39900 
40000 
40100 
40200 
40300 
40400 
40:l00 
40600 
40700 
40800 
40900 
41000 
41100 
41200 
41300 
41400 
41:l00 
41600 
41700 
41800 
41900 
42000 
42100 
42200 
42300 
42400 
42:l00 
42600 
42700 
42800 
42900 
43000 
43100 
43200 
43300 
43400 
43:loo 
43600 
43700 
43800 
43900 
44000 
44100 
44200 
44300 
44400 
44:l00 
44600 
44700 
44800 
44900 
45000 
45100 
4:l200 
4:l300 
4:l400 
45500 
4:l600 
45700 
45800 
45900 
46000 
46100 
46200 
46300 
46400 
46500 
46600 
46700 
46800 


REM 
REM 
3. INCREMENT 
FQ. 


REM 
FQ ~ FQ + DE 
REM 
REM 
REM 
REM 
REM 
REM 
05 ~ 1000. 
50 • 0 
GOSUB 
30300 


IF AL~I! THEN 
RETURN 


REM 
REM 
REM 
REM 
IF SY'l.+INT(SGN(AL-I!»=O 
THEN PRINT 
ELSE 
39400 
REM 
REM 
7. 


REM 
REM 
IF ABS(FI-FO)<I 
THEN RETURN 
REM 
REM 
REM 
DE = -DEliO. 
':1 = FO 
SY'l.• -SY'l. 
REM 
REM 
9. GO BACK 
TO 3. 


REM 
GOTO 39400 
REM 
REM 
REM ************** ••*************************************.********* 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
7. 


REM 
REM 
8 
REM 
REM 
REM 
9 
REM 
REf1 
REM 


4. FOR THIS VALUE 
OF FO. FIND 
THE VALUE 
OF 50 FOR WHICH 
THE LOOP 
GAIN HAS 
ZERO PHASE. 
(THE ROUTINE 
WHICH 
DOES THAT NEEDS 
OF ~ O. 


50 THAT 
IT CAN HOLD FO CONSTAfn. 
AND NEEDS 
AN 
INITIAL 
VALUE 
FOR 
05. WHICH 
IS ARBITRARILY 
SET TO 05 = 1000. ) 


Th@ 
circuit 
model 
used 
in 
this 
analysis 
is 
similar 
to 
the 
one 
used 


in 
the 
small-signal 
analysis. 
but 
differs 
from 
it 
in 
two 
respects. 


First, 
it 
includes 
clamping 
and 
clipping 
effects 
described 
in 
the 


text. 
Second. 
the 
voltage 
source 
in 
the 
Thevenin 
equivalent 
of 
the 


amplifier 
is 
controlled 
by 
t~e 
input 
voltage 
in 
accordance 
with 
an 


input-output 
Curve 
defined 
elsewhere 
in 
the 
program. 


The 
analysis 
applies 
a 
sinusoidal 
input 
signal 
of 
arbitrary 


amplitude. 
at 
the 
oscillation 
frequl'ncy. 
to 
the 
XTALl 
pin, 
then 
calculates 
the 
resulting 
waveform 
from 
the 
voltage 
source. 
Using 


standard 
Fourier 
techni~ues, 
the 
fundamental 
frequency 
component 
of 


this 
waveform 
is 
extracted. 
This 
frequency 
component 
is 
then 
multiplied 
by 
the 
factor 
:ZL/(ZL+RO)L 
and 
the 
result 
is 
taken 
to 
be 


the 
signal 
appearing 
at 
the 
XTAL2 
pin. 
This 
signal 
is 
then 


multiplied 
by 
the 
feedback 
ratio 
(beta), 
and 
the 
result 
is 
taken 
to 
be 
the 
signal 
appearing 
at 
the 
XTALl 
pin. 
The 
algorithm 
is 
now 
repeated 
using 
this 
computed 
XTALI 
signal 
as 
the 
assumed 
input 


sinusoid. 
Every 
time 
the 
algorithlft 
is 
repeated. 
new 
values 
app.ar 
.t 


XTALI 
and 
XTAL~, 
but 
the 
values 
c~ange 
less 
and 
less 
with 
each 


repetition. 
Eventually 
t~ey 
stop 
changing. 
This 
is 
the 
steady-state. 


The 
algorIthm 
is 
as 
follows 


1 
Compute 
approximate 
oscillation 
frequency. 


2. 
Call 
a 
circuit 
analysis 
at 
this 
frequency. 


3. 
Find 
the 
~uiescent 
levels 
at 
XTALI 
and 
XTAL2 
(to 
establish 
the 
beginning 
DC 
level 
at 
XTALll. 


4. 
Assume 
an 
initial 
amplitude 
for 
the 
XTALl 
signal. 
S. 
Correct 
the 
DC 
l.ve! 
at 
XTALI 
for 
clamping 
effects, 
if 
necessary. 


6. 
Using 
the 
appropriate 
input-output 
curve, 
extract 
a 
DC 
level 
and 


the 
fundamental 
frequency 
component 
(multiplying 
the 
latter 
by 


: ZLI 
(ZL+RO): 
>. 


Clip 
off 
the 
negatIv@ 
portion 
of 
this 
output 
signal, 
if 
the 


neQative 
p~ak 
falls 
below 
ze;o. 


If 
this 
SIgna}, 
multiplied 
by 
(beta). 
dIffers 
from 
the 
input 


amplItUde 
by 
less 
than 
ImV. 
or 
If 
the 
algorithm 
has 
been 
repeated 


10 
times. 
exit 
the 
routlne 
Otherwise. 
multiply 
the 
XTAL2 
amplItude 
by 
(beta) 
and 
feed 
it 
back 
to 
;tTAL1, 
and 
go 
baclt 
to 
S 


46900 
47000 
47100 
47200 
47300 
47400 
47:;00 
47600 
47700 
47800 
47900 
48000 
48100 
48200 
48300 
48400 
48500 
48600 
48700 
48800 
48900 
49000 
49100 
49200 
49300 
49400 
49'00 
49600 
49700 
49800 
49900 
:;0000 
'0100 
50200 
'0300 
'0400 
50'00 
:;0600 
'0700 
:;0800 
50900 
'1000 
:;1100 
:;1200 
:;1300 
'1400 
:;1:;00 
'1600 
'1700 
'1800 
'1900 
52000 
52100 
52200 
'2300 
:;2400 
52500 
:;2600 
:;2700 
52800 
:;2900 
:;3000 
53100 


GOSUD 
9700 
REM 
REM 
GOSUD 
PRINT 
GOSUD 
PRINT 
REM 
REM 
3. FIND 
QUIESCENT 
POINT 


REM 
<At 
(lviescene. 
the 
voltages 
at 
XTALI 
and 
XTAL2 
.are 
RqUiill. 
This 
REM 
volt.ag. 
level 
is 
found 
by 
trial-and-error. 
based 
on 
the 
input- 


REM 
output 
curve, 
50 
that 
a 
per~on 
can 
change 
the 
input-output 
curve 


REM 
as 
desired 
without 
having 
to 
re-calculate 
the 
quiescent 
point. 
) 
III~ 0 
liD~ 1 
Kl 
= 
1 
III = III+ liB 
GOSUB 
13600 
IF ABS<IIO-III)<.OOI THEN 49200 
IF Kl+SGN(IIO-III)=O THEN 48900 
ELSE 
48:;00 


Kl = SGN <110-111 
) 
liB- -IIB/I0 
GOTO 48500 
liB= III 
PRINT 
"QUIESCENT 
POINT 
~ ",liB 


REM 
REM 
4. ASSUME 
AN 
INITIAL 
AMPLITUDE 
FOR THE XTALI SIGNAL. 


EI 
•. 
01 
NRX ··0 
REM 
REM 
:;.CORRECT 
FOR CLAMP ING EFFECTS, 
IF NECESSARY. 


REM 
(Kl 
.nd 
K2 
are 
curve-fitting 
parameters 
for 
the 
ROM p.a,..ts. 
) 
Kl 
(2.5-IIB)/<3-I,IB) 
K2 = 
(liB-I.25)/13-IID) 
IF ICy'-2 OR 
ICY.~4 THEN 
IF EI<IIlD+.5) THEN EO 
IF ICY.-l OR 
ICy'=3 THEN 
IF EI«IIB+. 5) THEN EO 
NRY. = NRX + 1 
REM 
REM 
110• 0 
IIC • 0 
liS= 0 
FOR NY.• -25 TO +24 
III- EO - EI*COSlPI*NY./25) 
GOSUB 
13600 
110 = 110 + liD 
VC 
= 
VC 
+ 
VO*CQSCPI*N'l./2S) 


VS 
~ us 
+ 
VO*SINCPI*N%/2S) 


NEXT 
NY. 


VO 
= 
VO/50 
VI 
= SQR(VCA2+V5A2)/2~*FNZM(RL,XL)/FNZM«RL+RO).XL) 
REM 
REM 
7. CLIP 
XTAL2 SIGNAL. 


IF 110-111<0THEN 
ilL~ 0 ELSE VL = VO-Vl 
PRINT 
PRINT 
"XTALl SWING 
= ",EO-El, " TO 
",EO+EI 
PRINT 
"XTAL2 
SWH~G 
= ",VL," 
TO 
",VO+Vl 
REM 
REM 
8. TEST FOR TERMINATION. 


I~ Aa~1~t-~I*aJ<.QOl 
OR NRr,=10 THEN RETURN 


REM 
REM 
EI 
= 
GOTO 


2. CALL 
20800 
PRINT 
26600 
PRINT 


9 


Vl*B 
50300 


Design Considerations 
23 
When Using CHMOS 


CHAPTER 23 
DESIGN CONSIDERATIONS WHEN USING CHMOS 


CHMOS 
is Intel's 
n-well CMOS process which is based 


on the highly developed 
HMOS-II 
technology. 
There are 
three other types of CMOS 
processes: 
powell, twin-tub, 


and silicon on sapphire (SOS). All four CMOS structures 
are discussed in the accompanying 
article reprint, "Inside 
CMOS 
Technology." 
SOS and twin-tub 
offer superior 
performance, 
but are very costly 
to manufacture. 
The 
n-well technology 
offers about the same performance 
as 


powell and has been chosen 
for Intel's 
microcontrollers 
because 
it is more readily adapted to the currently 
used 


and well understood 
HMOS-II 
technology. 
This CMOS 
technology 
also offers a known path to higher performance 
products 
in the future. 
. 


Because 
CMOS 
tends to have lower gate density 
and a 


higher gate count than an NMOS circuit of the same func- 
tionality, 
the ability to scale down the transistor 
size in 
CMOS 
processes 
is essential 
to improving 
the price/ 


performance 
ratio. The penalty paid for the size reduction, 


however, is a departure from the traditional CMOS supply 
voltage range of 3 to 18 volts. CHMOS 
will be limited 
to a maximum 
of 6 volts VCC. 


Further reduction 
in CHMOS die size is accomplished 
by 


using dynamic 
nodes at appropriate 
points in the circuit, 
whereas, 
traditional 
CMOS 
is fully static. This reduces 


the gate count, 
and therefore, 
the die size - 
achieving 
lower cost. However, 
the use of dynamic 
nodes imposes 
a minimum clock frequency 
requirement 
on the CHMOS 


part. 


CMOS noise immunity 
is greatly over stated. Noise im- 
munity has been described as the amount of noise that can 
be induced at the input of a gate that will not change the 
logic state of the output. Noise margin, on the other hand, 
is the DC levels that will be applied 
to an input from 


another output (Voh, Vol) and the trip point of that input. 


On the surface, 
CMOS would seem ideal for use in noisy 
environments. 
Output voltages 
are rail-to-rail, 
and input 


switch points are approximately 
50% of VCc. 
There is 
one thing wrong 
with this analysis 
- 
CMOS 
has high 


impedance 
inputs. High impedance 
inputs need only volt- 


age and very little current (nano Amps) to switch its output 
logic state. TTL, on the other hand, needs voltage and at 
least 20 J-LA (for an LS device) to switch its output logic 
state. Because it is a lot more difficult to induce noise in 
the form of current than in the form of voltage, 
CMOS 


tends to be more noise sensitive than TTL. 


However, 
NMOS also has high impedance inputs and has 


input leakages typically 
less than 1 J-LA. Because NMOS 
output voltage swings are considerably 
less than CMOS, 


CMOS 
has the advantage 
when inputs 
and outputs 
are 


noisy. 
Another 
advantage 
of CMOS 
over NMOS 
is the 


p-channel 
pullup 
instead 
of 
a depletion 
pullup. 
The 


p-channel pullup is able to charge up the stray capacitance 
faster thus signal rise times are significantly 
improved. 


In conclusion, 
don't fool yourself into thinking that CMOS 


eliminates the need to be concerned about noise problems. 
Time is well spent following 
good design practices 
and 


layout techniques 
from the earliest phases of a project. 


CHMOS is not immune to traditional CMOS latch-up, but 
the latch-up threat is highly overrated. 
Latch-up is usually 


the result of unforeseen 
operating 
conditions, 
such as an 


unexpected 
power-up 
sequence, 
inadvertent 
removal and 


re-application 
of a supply voltage, or "hot-socketing" 
the 


part (plugging 
a chip into its socket while the system is 


active). 
An energetic 
voltage 
spike on VCC or the I/O 


lines might also trigger latch-up; 
but a little ringing 
on 
the data lines isn't going to cause any problems. 


It is helpful to understand 
the mechanisms 
involved in the 


latch-up phenomenon. 
Figure 23-IA shows the circuit dia- 
gram of a typical CMOS output stage. Figure 23-1 B shows 
a plan view of how this stage might look in n-well CMOS 
(with the gate electrodes of the FETs stripped away, since 
they are not germane 
to the discussion). 
There are two 


parasitic bipolar transistors 
in this structure, 
one pnp and 


the other npn. The n-well 
forms the base region of the 


pnp transistor, 
which is connected 
to VCC through 
the 


distributed 
resistance 
of the n-well. The source and drain 


of the p-channel 
pullup FET are dual emitters to the pnp 


transistor. 
The p-type 
substrate 
is the collector 
of this 


transistor and also serves as the base of the npn transistor 
which is connected 
to VSS through the distributed 
resis- 


tance of the substrate. 
The collector 
of this transistor 
is 


the nowell, 
and the drain 
and source 
of the pulldown 


n-channel 
FET are dual emitters. 
These parasitic transis- 
tors are shown in Figure 23-1 C. 


Any pullup FET that shares the same n-well region acts 
as additional 
multiple emitters 
to the parasitic 
pnp tran- 


sistor. Much worse, ALL pulldown 
FETs and input pro- 


tection devices 
on the IC act as additional 
collectors 
to 


the parasitic npn transistor. 
This has several implications. 


Latch-up is not limited to output stages, inputs only pins 
and internal gates can also be the cause. So when latch- 
up does occur, 
it's hard to tell which device caused it. 


In normal operation, 
both of these parasitic bipolar junc- 


tion transistors 
are in an off state, and do not hamper the 


operation 
of the FETs. However, 
if either parasitic junc- 


tion transistor 
should turn on, its collector 
current might 


turn the other parasitic junction 
transistor on, and an SCR 


type effect rapidly ensues which is called latch-up. 
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What might turn on one of the parasitic junction 
transis- 


tors? Look at Figure 23-IC. 
The base of the parasitic pnp 


is at VCC, and the base of the npn is at VSS. If the ouput 
line swings a diode drop above VCC, or below VSS, it 
forward-biases 
the "D" 
emitter of either the pnp or the 


npn transistor. 


Suppose it is the pnp emitter that is forward-biased 
by the 


output line swinging 
a diode drop above VCC. Some of 
the current that enters that emitter now exits the parasitic 
device as collector current. 
It flows down to the juncture 


of Rsub and the base of the npn transistor. 
If Rsub is low, 
the current 
is shunted 
through 
it to VSS, 
and the npn 


transistor 
stays off. If Rsub is high, some of the current 


crosses the base-emitter junction of the npn, and that tran- 
sistor will likely turn on. 


It is important 
to note that the designer of the integrated 


circuit has a certain 
amount 
of control over the turn-on 


probabilities. 
Grounded guard rings placed around the npn 


emitters will have the effect of reducing the value of Rsub. 
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Reducing 
the value of Rsub has the effect of increasing 


the amount of current that has to enter the pnp D emitter 
in order to turn the npn transistor 
on. The CHMOS, 
the 


npn transistor 
will not turn on if the current entering the 


pnp D emitter is less than 10 mA. 


A similar sequence 
of events can occur when the output 
line swings a diode drop below VSS. In this case it is the 
npn transistor 
that is in danger 
of turning 
on the pnp, 


depending 
on the value of Rwell and how much current 


is involved. 
Again, the IC designer can reduce the value 


of Rwell by the judicious 
placement 
of guard rings, con- 


nected to VCC, around the pnp emitters. 
When the output 


line swings a diode drop below VSS, if the current that 
exits the output pin does not exceed 10 mA, there will be 
no latch-up. 


The power 
supply, 
as viewed 
by the microcontroller, 
should be low in inductance 
because of the peak currents 


associated 
with CHMOS 
switching 
characteristics. 
Note 
that the repetition 
rate of these peak currents 
increases 
with the clock frequency. 
Bypass capacitors 
of approxi- 
mately O.I~F 
should be used with proper PCB layout to 


,ensure 
a low inductance, 
high peak current power source. 


Low inductance 
capacitors 
are also available that fit under 
the package. 
These 
capacitors 
are also advantages 
for 
HMOS 
in noisy 
environments 
(See 
Application 
Note 
API25 
"Designing 
Microcontroller 
Systems For Electri- 
cally Noisy Environments" 
in this manual 
for detailed 
discussion) . 


Power supply glitches must be filtered to ensure that the 
maximum 
voltage 
rating 
of the device 
is not violated. 
Violation may induce an SCR effect between VCCIVDD 
and Vss (latch-up). 


The polarity of the power supply must never be reversed. 
The n-well is connected 
to VCC and the p-type substrate 
is connected 
to ground 
so normally 
that pn junction 
is 
reversed biased. 
If VCC or VDD are ever more negative 
than - 0.5 volts with respect to Vss, the n-welllsubstrate 
pn junction 
will be forward 
biased and short VCCIVDD 
to ground. 


When the microcontroller 
is powered separately 
from the 
surrounding 
circuitry, 
the microcontroller 
should always 
be powered 
up before 
any input signal is applied. 
The 
reverse is true when powering 
down, 
input signals first 
then the microcontroller. 


When separate 
VCC and VDD power supplies 
are used 
for the SOC49, VDD 
and VCC must track each other 
within 
1.5 volts (except 
during 
power 
down) 
and also 
maintain 
the 5v 20% specification. 
This ensures that the 
CPU, powered by VCC, and the RAM, powered by VDD, 
have proper voltage levels to communicate. 
If VCC and 
VDD cannot be powered up simultaneously, 
VDD should 
be applied first. 


The reason CMOS 
parts draw considerably 
less current 
than an NMOS part is that there is no direct path between 
VCC 
and 
ground 
(refer 
to figure 
10-IA). 
When 
the 
p-channel 
pullup FET is on the n-channel 
pulldown 
FET 
is off and the output line gets pulled up. The opposite is 
true, when the n-channel 
FET is on the p-channel 
FET is 
off and the output goes low. There is leakage associated 
with either the n-channel 
and p-channel 
FETs in the off 
state. The sum of all the leakages from every inverter on 
the chip is what is called the "quiescent 
current." 
This 
current is in the order of microAmps 
and is the lesser of 
the two currents that add up to the total ICC. 


When the inverter is switching 
in either direction. 
there 
is a moment 
in time when both FETs are on creating 
a 
low resistance 
path between 
VCC and ground. 
The ca- 
pacitance 
on the output 
line (pin capacitance, 
trace ca- 
pacitance, 
and input capacitance 
to the next stage) is also 
charged or discharged 
which also increases 
current con- 


sumption. 
This "dynamic 
current" 
is a couple of orders 
of magnitude 
higher than the quiescent 
current. 


Power supply voltage also comes into play with both types 
of currents. 
If VCC is high, 
the leakage 
across the off 
FET 
is increased. 
Output 
capacitance 
now 
has 
to be 
charged up to a higher level. So a higher VCC also con- 
tributes to making ICC larger. 


Frequency 
of switch can also affect the amount of current 
used. If the inverter stage is switched 
very slowly, 
then 
the average current 
is equal to the quiescent 
current. 
As 
the frequency 
of switching 
is increased, 
the dynamic cur- 
rent contributes 
more and more to the total ICC until the 
dynamic current totally swamps the quiescent 
current. 


Now that we are aware of what components 
make up the 
total ICC, we can work on ways of minimizing 
it. VCC 
can playa 
big roll in minimizing 
power. 
If the whole 
purpose in going to CMOS is to minimize heat dissipation 
and the power 
is drawn 
from the 
110 volt AC socket, 


tweak your power supply to the minimum voltage that the 
system will run. On the other hand if batteries 
are used 
you must consider types of batteries available, 
lifetime of 
the battery, 
and the voltage drop off at the end of its life 
to determine what voltage to start at. Remember the lower 
the voltage the lower the current draw. 


The application 
also has to be analyzed 
for what kind of 
response time is needed to determine 
how fast the micro- 
controller 
needs to run. If the end application 
is a direct 
human interface, 
then the response time can be relatively 


slow and the processor can run at minimum 
speed. But if 
real time decisions need to be made on evaluating 
incom- 
ing data, then the microcontroller 
needs all the time it can 
get. The idea is to run the microcontroller 
as slow as you 
can and still get the task accomplished. 


Intel has added 
idle mode and power down features 
to 
help further manage your power consumption. 
Idle mode 
in the SOC5l1SOC3l 
stops the clock to the CPU while 
keeping 
the oscillator, 
RAM, 
interrupts, 
timer/counter, 
and serial port alive. Stopping 
the clock to the CPU de- 
creases the current 
in the CPU from dynamic 
to mostly 


quiescent. 
Idle mode consumes 
approximately 
1/IOth the 
operating 
current. 


Idle mode allows the microcontroller 
to minimize 
its cur- 
rent when no processing 
needs to be done. The live in- 
terrupts, 
timer/counter, 
and the serial port can wake the 
CPU and since the oscillator 
is running the response time 
is quick. 


Data on the ports are left in the state they were in when 
idle was invoked. 
If careful attention is given to the logic 
state of the port, total system current can be reduced. 
The 
state of the port for reduced current is dependent 
on what 
the port is driving. If it is a transistor, 
the transistor should 
be put into its off state. If the port pin is driving another 
CMOS gate, the loading of the port pin would be minimal 
and a choice of the logic state may be made on what is 
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on the ouputs of the CMOS gate. If TIL 
is being driven, 
the reduced current would be when the port pin is high. 
A little thought 
in this area can go a long way in mini- 


mizing system current. 


Power down removes 
all internal clocks to decrease 
the 


current to totally quiescent 
current 
while the contents 
of 


the RAM are saved. 
This mode is useful 
in hand held 


applications 
where data needs to be saved between uses. 
On the 8OC51, the port pins are left in the same state they 
were in when the power down mode was called. The same 
thought processes that were needed for reduced current in 
the idle mode are valid for .power down also. 


Figure 
23-2 shows 
a simple 
circuit 
that uses one quad 


NOR CMOS integrated circuit and some external resistors 
and capacitors to power down the CHMOS MCS48 family 
under the control of one input. To activate the operation 
of the microcontroller, 
the AWAKEJ signal is pulled low 


and in turn, node A goes low turning 
on the p-channel 


VFET. 
This 
allows 
VCC 
to the microcontroller 
to be 
pulled to the power supply minus Vsd. Node A being low 
brings RESET high after a time determined 
by the RICI 


time constant. 
The RC has been chosen to allow 10 mS 


between VCC going high and RESET going high to allow 
the oscillator 
time to stabilize. 


Powering down is accomplished 
by AWAKEJ going high 


which pulls RESET low. The time delay R2C2 allows the 
reset signal enough time to signal the microcontroller 
to 


save the RAM before VCC is shut off. 


When idle mode and power down are used in conjunction 
with slow operating speed it can reduce your power needs 
to a minimum. 


Unused input only pins on the MCS48 family such as SSI, 
TO, and TI 
should 
not be allowed 
to float. The inputs 


would float about the trip point of the input buffer. 
This 


switching 
of the input buffer can waste up to .5 mA per 
input. Tie all unused input only pins high or low. 


When 
the CHMOS 
units are being 
used with external 
program or data memory, 
PortO (Data Bus on the MCS48 


products) 
is left floating when in idle mode. 
PortO also 


floats on the 8OC51 when in the power down mode. The 
same condition 
as described 
above can happen with the 
input gate on those pins. Without tying these pins high or 
low at least .5 mA 
x 
8 or 4 mA could be wasted. 
Tie 
the PortO pins high or low through 
a 500Kil 
or IMil 
resistor. 
A little extra board space is minimal when con- 
sidering the extra power savings. 


The quasi-bidirectional 
pins have internal pullups so the 


inputs on these pins never float. 


The CHMOS 
I/O ports have similar drive capability 
to 


their HMOS 
counterparts, 
but the differences 
must be 
noted. 


The I/O port structure is implemented 
as shown in Figure 
23-3. 


As an output pin latched to a low (0) state, pullups PI, 
n, and P3 are in an off state while the pulldown 
Nl is 


on. This configuration 
uses little current, 
since there is no 
patch between VCC and ground in the output buffer stage. 
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When the output pin is to be latched in the high (I) state, 
the data line turns Nl 
off and turns on the weak (51J-A) 
pullup n. At the same time PI (a strong pullup) turns on 
for one state time pulling the output up very quickly. Once 
the output voltage is above approximately 
2 volts, P3 turns 
on to supply the source current. 
P3 and the inverter form 


a latch. This latch along with the support of n keeps the 
output high. Figure 23-4 shows the VOH vs IOH curve 
for this output structure 
when P I is off. 


To use the 110 port as an input, a one must be written to 
the pin first, leaving 
the pin in a high state. When 
the 
input goes below 2 volts, P3 turns off to avoid any high 
sink currents 
from being presented 
to the input device. 


Note when returning back to a one, n is the only internal 
pullup that is on. This will result in a long rise time if P2 
is the only pullup. 


23.5.3 
Interfacing 
Between CHMOS and 
Other Logic Families 
. 


Interfacing 
Intel's CHMOS to other logic families is very 
simple and straight 
forward. 
When VCC is kept within 


10% of 5 volts all inputs (except those noted in the data 
sheets) and outputs are TTL compatible. 
CMOS compat- 


ibility is achieved 
as long as VCC is kept within 20% of 


5 volts. 


When driving a high current load, the output current (Ioh) 
must be limited 
to keep the output 
voltage 
(Voh) 
at a 


minimum of 2 volts. If the voltage is pulled below 2 volts 
the output current will be dropped to approximately 
5 IJ-A. 
See Figure 23-4. 


Inside CMOS Technology 


How CMOS devices are manufactured and a look at three of them 


CMOS 
(complementary 
metal- 


oxide semiconductor) 
has often been 


called the ideal technology. 
It has 
low power 
dissipation, 
high 
im- 
munity 
to power-supply 
noise, 
symmetric 
switching 
characteris- 
tics, and a large supply-voltage 
tol- 
erance. But CMOS has rarely been 
used for advanced VLSI (very-large- 
scale-integration) 
microcomputer 


designs. 
Because of the complexity 
of the CMOS process, 
the ICs (in- 


tegrated 
circuits) 
produced 
have 
traditionally 
had 
a relatively 
poor 


price/performance 
ratio. 


As a result, CMOS was used only 
in applications 
that 
required 
low 
power 
and 
were 
neither 
perfor- 
mance conscious 
(such as in calcu- 


lators and 
watches) 
nor cost con- 


scious (many military applications, 
for example). 
Suddenly, 
however, 


all major semiconductor 
companies 
have 
announced 
either 
advanced 


CMOS products 
or the intention 
of 
designing 
their 
next generation 
of 


high-performance 
microprocessors 


using CMOS technology. 


What 
has 
happened 
to 
make 
CMOS 
both 
affordable 
and 
high 


performance? 
For one 
thing, 
the 
dominant 
VLSI technology, 
NMOS 
(n-channel 
metal-oxide 
semicon- 
ductor), 
is rapidly 
approaching 
the 
process 
complexity 
of 
standard 


CMOS. It is not unusual 
nowadays 
for NMOS technology 
to have up to 
four transistor 
types with different 
operating 
characteristics. 
Much 
of 
the 
complexity 
of this 
process 
is 
added 
simply to help VLSI design- 
ers 
keep 
the 
operating 
power 
of 
their circuits under control. 


Second, 
CMOS circuit designers 


are being more selective in the use 
of static 
CMOS 
logic. 
Critically 


placed 
dynamic 
logic, creative 
cir- 


cuit design, 
and use of modes that 


offer varying degrees of power con- 
sumption 
are 
all tricks 
designers 
are using 
to maintain 
the 
advan- 
tages of CMOS. 
Finally, 
aggressive 
reduction 
in 


CMOS transistor 
size is being used 
to bring CMOS performance 
in line 
with that of NMOS. As a matter of 
fact, many 
manufacturers 
are de- 
veloping 
CMOS as a derivative 
of 
their 
advanced 
NMOS 
processes. 


This not only improves 
CMOS per- 
formance 
levels but also boosts re- 
liability and 
reduces 
development 


costs. 


The Evolution 
of LSI 
Early LSI circuits were built with 
p-channel 
MOS transistors, 
which 
permitted 
high-circuit 
densities 
yet 
were relatively slow and difficult to 
interface 
to normal 
integrated 
cir- 
cuits, 
such 
as TTL 
(transistor- 
transistor 
logic). 
As an example, 


the l103-type 
lK by I-bit dynamic 
RAM 
(random-access 
read/write 
memory), 
circa 1971, required 
its 
inputs (address, 
controls, and data) 
to swing between 
1 and 15 volts (V) 
although 
its output 
was measured 
in millivolts - 
hardly TTL compat- 
ible! About 
1974, NMOS 
came to 
the rescue. It provided faster speed, 
and most of its inputs 
and outputs 
were TTL compatible. 


Low power 
requirements 
are a 
major advantage 
of 
designing 
a system 
that 
uses CMOS. 


NMOS 
was 
more 
difficult 
to 


manufacture 
than 
PMOS 
because 
contaminants 
would 
vary 
the 


thresholds 
of the n-channel 
transis- 
tors, 
causing 
deviations 
in speed 
and performance. 
But this problem 
was quickly overcome 
through 
ul- 
traclean 
processing 
rooms, 
and 
NMOS became the workhorse 
tech- 
nology because it cost less to lTjan- 
ufacture, 
was easy to use, and had 
good speed-power 
characteristics. 


And NMOS technology 
had poten- 
tial for greater 
improvement 
of its 
speed-power 
characteristics 
through 
scaling (or shrinking) 
of the silicon 
devices. 
The result 
of this scaling 
was HMOS 
(high-speed 
NMOS), 


which 
accomplished 
three 
objec- 
tives: 
increased 
speed, 
reduced 
power, and increased 
density. 


Over the past 
10 years, 
the re- 
duction in transistor 
size has, at the 
device 
level, 
increased 
memory 


density by a factor of 64, increased 


speed by a factor of 3, and reduced 
power 
consumption 
by a factor of 


100. However, 
the 
scaling 
cannot 


continue 
ad 
infinitum 
because 
of 


resolution 
limitations 
of the photo- 


lithographic 
equipment 
used 
to 


make the circuits as well as break- 
down 
mechanisms 
within 
the de- 
vices. More important, 
even before 


these limitations 
are reached, 
heat 


dissipation 
will prohibit 
major 
en- 


hancements 
with 
NMOS. 
Heat 


generation 
increases 
exponentially 


with transistor 
count, 
and, 
at den- 


sities approaching 
150,000 transis- 


tors per integrated 
circuit, 
special 


cooling measures 
are required. 
This 


heat 
can accelerate 
failure 
mecha- 


nisms 
within 
the silicon, 
reducing 


device 
and 
system 
reliability. 
To 


hurdle 
this barrier, 
low-power 
de- 


vices must be used. 


The Importance of 
Power Consumption 
The development 
of NMOS was 


spurred 
on by the 
semiconductor 


industry's 
drive 
to produce 
high- 


volume, 
large-capacity 
memory 
de- 
vices, for which high density, rather 
than low power consumption, 
was 


the primary 
concern. 
As VLSI be- 


gan 
to emerge, 
however, 
power 


dissipation 
became a limiting factor 
in continued 
increases 
in 
NMOS 


packing 
densities. 
Thus, 
the semi- 
conductor industry turned to CMOS 
as a potential 
alternative. 


CMOS 
achieves 
its low 
power 


dissipation 
through 
the use of both 


p- and n-channel 
transistors 
(hence 


the name 
"complementary"). 
Es- 


sentially, no DC power is dissipated 
in either logical state, and AC power 
occurs 
only 
during 
the 
relatively 


short 
switching 
period. 
Because 


most circuitry in a complex design 
is active only 10 to 20-percent of the 
time, CMOS achieves a dramatic re- 
duction 
in power 
dissipation 
com- 
pared 
with 
NMOS, 
which 
contin- 


ually dissipates DC power whenever 
an operating 
voltage is applied. 


Low power 
requirements 
are 
a 


major advantage 
of designing 
a sys- 


tem 
that 
uses 
CMOS. 
Reducing 


power 
requirements 
has a domino 


effect 
that 
often 
substantially 
re- 


duces the cost of the end product: 
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Figure 1: A comparison of NMOS 
and CMOS 
technologies. 
Figure la shows the schematic 
diagrams of an inverter as implemented 
in both NMOS 
and CMOS. 
A hypothetical 
input 


waveform 
and the resulting 
transistor 
currents are shown ill 1band 
lc. 


• low power allows smaller, lower- 
cost power supplies 
to be used 


• power 
distribution 
in the system 


is simplified 


• cooling fans can be eliminated 


• printed-circuit 
boards 
can 
be 


packed more densely 
and can thus 


become smaller 


With 
smaller 
power 
supplies, 
denser circuit boards, 
and no fans, 


smaller 
cabinets 
can be used, 
re- 


sulting in savings in chassis and en- 
closure costs. Also, power 
fail-safe 


and hand-held 
use become possi,ble 
if battery operation 
is feasible. 


Basic CMOS Operation 
To truly understand 
the promises 
(and 
problems) 
facing 
both 
the 
CMOS 
VLSI digital 
designer 
and 
the CMOS 
systems 
designer, 
one 
must first understand 
some CMOS 
fundamentals. 


Figure 1 compares 
the circuit dia- 
grams and current characteristics 
of 
both 
an NMOS 
and 
a CMOS in- 
verter. The NMOS inverter 
uses an 
n-channel 
depletion-mode 
transis- 


tor as 
the 
pull-up 
device 
(which 
drives the output 
line high) and an 
n-channel 
enhancement-mode 
tran- 
sistor 
as 
the 
pull-down 
device 
(which drives the output 
line low). 


The pull-up 
transistor 
is used as a 
load; its operation approximates 
that 
of a constant 
current 
source. 
The 
pull-down 
transistor 
is used as the 
switching 
device; 
when 
active, 
it 
discharges 
the load, and when 
in- 
active it lets the pull-up 
charge the 
load. MOS loads are primarily 
ca- 


pacitive 
and 
include 
the 
parasitic 
capacitances 
of the 
inverter 
itself, 


interconnect 
capacitances, 
and 
the 


thin-oxide 
capacitances 
of all the 


gates the inverter is driving. 


Let's note 
several 
characteristics 
of an 
NMOS 
inverter. 
When 
the 


pull-down 
device 
is turned 
on, 
it 
not 
only 
has 
to sink 
the 
current 
from the capacitive load, but it also 
has to sink the current 
supplied 
by 


the pull-up load device. Even in the 
quiescent 
state this current 
compo- 


nent 
from the pull-up 
device 
still 
exists. 
Because 
logic gates 
spend 
most of their time in the quiescent 
state, 
this 
quiescent 
current 
ac- 


counts 
for up to 90 percent 
of the 
total 
power 
dissipated 
in 
NMOS 
VLSI designs; the remaining 
10 per- 


cent is switching 
or dynamic power. 


A second related 
characteristic 
is 


that the inverter's 
output 
voltage in 
the low state, VOL.is dependent 
on 
the ratio of the impedances 
of the 
pull-down and pull-up devices. This 
ratio affects the noise 
margin 
and 
switching 
speed 
and 
is generally 


around 
4:1. Such a ratio results 
in 
a VOLon the order of 0.2 V to 0.3 V. 
It also causes asymmetric 
switching 
characteristics: 
the fall time of the 
inverter 
is significantly 
faster than 
its rise time. 


The 
CMOS 
inverter 
uses 
a p- 
channel 
enhancement-mode 
tran- 
sistor as the pull-up 
device and an 
n-channel enhancement-mode 
tran- 


sistor as the pull-down 
device. In a 
CMOS 
inverter, 
both 
the 
pull-up 
and pull-down 
transistors 
are used 
as switching 
devices. 
When the in- 
put changes 
from low to high, the 
p-channel 
device shuts off and the 
n-channel 
transistor 
discharges 
the 
load. When the input changes 
from 
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Figure 2: The speed versus power consump- 
tion characteristics of NMOS 
and CMOS 
technologies. Note the advantages gained by 
scaling (reducing the size) of the integrated 
components. 


high to low, the n-channel 
device 
shuts off and the p-channel 
transis- 
tor charges the load. 
While almost 
all current from the CMOS inverter 
is used 
to charge or discharge 
the 
load, 
a small 
current 
component 
does 
not 
flow 
through 
the 
load. 


This is a result of the fact that both 
the p-channel 
and n-channel 
tran- 
sistors are on for a short period of 
time during 
the input voltage tran- 
sition. 
This current 
component 
is 
typically less than 10 percent of the 
total inverter current, 
though 
it de- 
pends 
greatly 
on the rise and 
fall 
times of the input signal. 


With 
no quiescent 
power 
com- 
ponent, 
a CMOS 
inverter's 
dy- 
namic power dissipation 
represents 
only a small fraction of an equiva- 
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Figure 
3: Cross sections oftransistors formed by each of the four major CMOS processes. 
Figure 3a is a p-well bulk CMOS transistor; figure 3b shows an n-well bulk droice; figure 
3c is an example of a twin-tub bulk CMOS transistor; the transistor in figure 3d is formed 
using silicon-an-sapphire technology. 


lent NMOS inverter's 
power 
dissi- 


pation. 
Also, the CMOS inverter 
is 


a "ratio-less" 
design, 
having 
only 


one transistor 
active after an input 


transition. 
This lets VOLgo all the 


way to ground 
potential, 
resulting 


in better noise tolerance than NMOS 
inverters. 
It is also a simple matter 


to design 
CMOS circuits with out- 


puts 
that have 
equal 
rise and 
fall 


times. 
While 
this 
is important 
in 


some 
circuits, 
it is generally 
not 


taken advantage 
of in VLSI designs 


because it requires greater chip area. 


For NMOS and CMOS technolo- 


gies with similar transistor 
dimen- 


sions and gate oxides, 
gate delays 


are essentially identical. 
The speed- 


power 
products 
for such 
a set of 


NMOS and CMOS technologies 
are 


shown in figure 2. This graphically 
illustrates 
the 
tremendous 
power 


advantage 
CMOS offers when used 


in high-performance 
VLSI designs. 


While 
CMOS 
enjoys 
significant 


electrical 
advantages 
over NMOS, 


it does 
have 
a cost disadvantage. 


One small factor is the larger num- 
ber of process steps needed 
to fab- 


ricate a CMOS device. More signif- 
icant 
is the 
larger 
die 
required 


because 
CMOS 
has 
lower 
gate 


density . 


CMOS Technologies 
Figure 
3 shows 
the 
four 
major 


CMOS technologies 
in use today: 


p-well bulk, 
n-well 
bulk, 
twin-tub 


bulk, and silicon-on-sapphire 
(SOS). 


P-well CMOS uses a p-type 
diffu- 
sion into an n-type bulk silicon sub- 
strate to form an n-channel 
transis- 


tor. The p-channel 
transistor 
is built 


directly in the bulk. This is the orig- 
inal CMOS technology, 
which 
has 


many 
years 
of good 
performance 


and reliability behind 
it. 


The n-well CMOS process 
starts 


with a p-type substrate. 
N-type ma- 
terial is diffused 
into it to form the 


n-well in which 
p-channel 
devices 


are 
built. 
N-channel 
devices 
are 


built directly in the bulk substrate. 
An n-well CMOS process is usually 
derived 
from an advanced 
NMOS 


process. It also permits a highly op- 
timized n-channel 
transistor, 
which 


yields a slight performance 
advan- 


tage over a p-well CMOS process. 


Twin-tub 
CMOS combines 
n-well 
and powell technologies 
by diffusing 
both an n-well for the p-channel tran- 
sistor and a powell for the n-channel 
transistor. 
The twin wells are usual- 
ly formed 
in a lightly doped 
n-type 


substrate. 
While it is a slightly more 


complex 
and 
costly 
process 
than 


either n-well CMOS or powell CMOS, 
twin-tub CMOS has the advantage of 
being 
able to optimize 
the perfor- 
mance of both the n-channel 
and p- 


channel 
devices. Thus, this process 
gives the highest overall performance 
of the bulk CMOS technologies. 
The 
highest 
performing 
CMOS 


technology is 50S. Silicon islands are 
grown on an insulating sapphire sub- 
strate. N-channel 
or p-channel 
tran- 


sistors are then built on the islands. 
High performance 
is achieved due to 
the significant reduction 
of parasitic 


capacitance. 
50S 
also offers good 


gate 
density 
because 
no 
parasitic 
bipolar 
transistors 
are 
around 
to 


cause a phenomenon 
called latch up. 
Unfortunately, 
50S 
devices are dif- 


ficult and expensive to manufacture. 
For example, unused 
sapphire wafers 


cost 
approximately 
10 times 
more 
than bulk silicon wafers. 


While CMOS suffers a cost penal- 


ty of about 20 percent due to process 
differences, 
it generally suffers more 


significantly 
because 
of 
die 
size. 


(While processing 
steps have a linear 


relationship 
with cost, die size has an 
exponential 
relationship.) 
CMOS 


dies 
are 
larger 
than 
equivalent 


NMOS 
designs 
even when 
aggres- 


sive transistor 
scaling is employed. 
Three major factors contribute to this: 
the area used 
in trying 
to prevent 
latch up, CMOS logic-gate structure, 
and static design 
techniques. 


Latch Up Prevention 
Bulk 
CMOS 
technologies 
have 


parasitic 
bipolar 
transistors 
that, 
if 


improperly 
biased, can cause a phe- 
nomenon 
called latch up. This poten- 
tially destructive 
action results from 
triggering an SCR (silicon-controlled 
rectifier) 
formed 
by the transistors 


and can cause 
extremely 
large cur- 


rents to flow. Figure 4 shows the con- 
struction 
of the parasitic 
SCR in an 


n-well bulk CMOS device. 


Figure 4: Parasitic SCR in bulk CMOS can cause latch up. Figure 40 shaws haw the parasitic 
transistors are formed in the silicon; figure 4b is a diagram of the equivalent circuit. 


Two well-defined 
conditions 
must 
exist before latch up can occur. First, 
for the SCR to be triggered, 
IR••II or 
IR=. must be greater than or equal to 
0.7 V. This forward-biases 
the base- 
emitter 
junctions 
of 
the 
parasitic 
bipolar transistors. Second, to sustain 
the latch up condition, 
the product 
of the {3s(gains) of the two bipolar 
transistors 
must equal at least'l. 
In order to minimize the chance of 
one of the SCR's transistors being for- 
ward-biased, 
every attempt 
is made 
to reduce 
the resistance 
values 
as 


much as is feasible. This has the ef- 
fect of requiring 
significantly 
larger 
injected currents before the SCR can 
be triggered. To reduce the resistance 
values, guard rings are used in the cir- 
cuitry. (Guard rings are low-resistiv- 
ity connections to the supply voltages 
placed around the CMOS p-channel 
and 
n-channel 
transistors.) 
While 
guard 
rings 
reduce 
the 
SCR bias 
resistor values, they also increase the 


space between 
n-channel 
transistors 


and 
p-channel 
transistors 
(thus 


reducing 
the gate density). 
To some- 


what minimize this effect, particular- 
ly sensitive 
areas 
(like VLSI com- 
ponent's 
I/O pins) are heavily guard 
ringed, 
while the more protected 
in- 
ternal circuitry 
is less so. 
A less controllable 
method 
of pre- 
venting 
latch up is to try and 
de- 
crease 
the {3sof the parasitic 
tran- 


sistors. While the vertical pnp tran- 
sistor's {3is set by the process design, 
the 
lateral 
npn 
transistor 
is more 
directly controllable. Its {3can be dras- 
tically reduced 
by increasing 
the n- 


well-to-n+ 
diffusion 
spacing 
(or p- 
well-to-p + diffusion 
spacing 
in p- 
well technology). 
This method 
re- 
duces the {3by increasing 
the width 


of the transistor's 
base. While this is 


an effective way of decreasing 
the 


gain of the parasitic structure, 
it also 


reduces 
the gate density. 


In bulk 
CMOS 
technologies, 
to 


.t 


Figure 5: A comparison of typical logic gates in NMOS and CMOS form. Figure Sa is an 
NMOS NOR gate, while figure 5b is a CMOS version; figure 5c is an NMOS NAND gate, 
and figure 5d is a CMOS version. 


give absolute protection against latch 
up is not only tremendously 
expen- 
sive in silicon area, but it is also vir- 
tually impossible. 
CMOS designers 


sacrifice 
area 
to ensure 
there 
is 


enough 
margin 
in their 
design 
to 


protect it from latch up in normal op- 
erating-system environments. 


Logic-Gate Structures 
Gate densities are also reduced in 
CMOS 
because 
standard 
CMOS 
logic gates are built from more tran- 
sistors 
than 
their 
NMOS 
equiva- 
lents. 
Standard 
CMOS 
logic-gate 
design has a 1:1 ratio of n-channel 
transistors 
to p-channel 
transistors. 


For example, 
the two input 
gates 


shown in figure 5 take four transis- 
tors 
in CMOS 
and 
only 
three 
in 
NMOS. 
The 
relative 
density 
de- 
creases as the number 
of inputs in- 
creases. 
For example, 
three-input 
gates require six transistors in CMOS 
and only four in NMOS; four-input 
gates 
require 
eight 
transistors 
in 


CMOS and only five in NMOS, etc. 
As a matter of fact, it is rare to have 
a standard 
CMOS gate with more 
than three inputs 
because 
the self- 
loading 
and 
the 
transistor 
stack 
make 
the 
structure 
inefficient 
in 
both speed and area. On the other 
hand, it is not unusual 
in NMOS to 
have gates 
with as many 
as eight 
inputs. 


Static Design 
Techniques 
A final reason for the lower CMOS 
gate 
densities 
is the 
use of static 
logic (modern 
VLSI NMOS micro- 
computer 
designs 
rely heavily 
on 
dynamic 
circuitry). 
Dynamic 
circuitry essentially 
uses a small ca- 
pacitor as a latch to store logic val- 
ues. This technique 
saves both area 
(by reducing 
the number 
of transis- 
tors in a gate) and power (by reduc- 
ing the number 
of gates in struc- 
tures 
like latches, 
flip-flops, 
shift 
registers, 
etc.). Employing 
dynamic 
design can reduce an NMOS latch's 


area 'by 30 percent 
and 
its power 


consumption 
by 50 percent. 
How- 


ever, the problem with dynamic cir- 
cuitry is that the capacitor 
used 
to 


store 
the logic value 
is leaky and 
will, over time, discharge 
and lose 
its data. 
This is the same problem 
faced by dynamic 
memory 
design- 
ers. The solution 
is to periodically 


refresh 
the capacitor, 
which 
forces 


a minimum 
operating 
frequency 
to 
be adhered 
to. 
. 


CMOS can also use dynamic 
cir- 
cuitry, especially to increase the ra- 
tio of n-channel 
transistors 
to p- 
channel 
transistors. 
Because 
static 


CMOS designs 
have a 1:1 ratio of 


n-channel 
to p-channel 
transistors, 


being able to increase this ratio will 
have the effect of giving 
CMOS a 
higher 
gate density 
(but the mini- 
mum operating-frequency 
charac- 


teristic 
of dynamic 
circuitry 
often 
conflicts with 
the CMOS potential 


of absolutely 
minimizing 
power). 


Therefore, 
while' true static CMOS 
design 
does give the lowest 
possi- 


ble power 
consumption 
(by allow- 


ing the 
device 
to operate 
at 
fre- 


quencies 
all 
the 
way 
to 
DC), 


dynamic CMOS designs, being more 
dense 
and resulting 
in smaller 
die 


sizes, 
tend 
to be more 
cost-effec- 
tive. Thus, 
two 
trends 
are devel- 
oping in the use of CMOS for VLSI 
microcomputer 
design. 


Designers 
of the next generation 
of 16- and 
32-bit microprocessors 


are choosing CMOS. Here, the goal 
is not to operate 
at the lowest pos- 
sible power level but rather to keep 
the operating 
power under 
a maxi- 
mum level for cooler junction 
tem- 
peratures, 
higher 
performance 
lev- 


els, and the ability to use standard 
low-cost 
packages, 
In these 
de- 
signs, extensive 
use is made of dy- 


namic logic. The ratio of n-channel 
transistors 
to p-channel 
transistors 


is often as high as 3:l. 


Designers 
of 4- and 8-bit single- 
chip microcomputers 
are choosing 


CMOS to accommodate 
a host 
of 


new 
portable, 
hand-held, 
and 
ul- 
tra-low-power 
applications. 
Here, 


the goal is to minimize 
the operat- 
ing power 
levels 
consistent 
with 
the 
performance 
required 
by 
the 


application, 
In the 
simpler 
micro- 


computers, 
true CMOS static logic 


is used-their 
simpler structure 
still 


allows 
a relatively 
small 
die 
size, 
while 
the 
low-performance 
appli- 
cations 
·they 
are 
appropriate 
for 
allow 
low 
operating 
frequencies. 
On the other hand, 
the more com- 
plex, 
higher-performance, 
single- 


chip 
VLSI components 
still make 
maximum 
use of static logic but are 


forced into dynamic 
logic for large 


arrays to keep the die cost down. 


Future CMOS 


CMOS 
will be the technology 
of 


choice for VLSI microcomputer 
de- 
signs. For one thing, with the advent 
of hundreds 
of thousands 
of tran- 


sistors on a die, CMOS is the only 
technology that offers a cos_t-effective 


solution 
to the power-density 
prob- 
lem. 


A second 
and more subtle future 
issue is reduced 
supply 
voltage. As 
MOS 
transistors 
continue 
to 
be 
scaled to smaller dimensions 
to eke 
out further 
performance 
and densi- 
ty advances, the standard 
5-Vsupply 
voltage must be reduced, 
if only for 
internal 
circuitry, 
to limit substrate 
current 
and 
hot-electron 
effects. 
CMOS is better suited for lower sup- 
ply-voltage 
operation 
because 
its 
switch point is a fixed percentage 
of 
the supply 
voltage. Also, due to its 


"ratio-less" structures, 
CMOS enjoys 
better noise tolerance 
than NMOS, 


another 
important 
factor 
at lower 
supply 
voltages. 


Finally, CMOS has made and will 


continue 
to make major strides in its 
relative cost disadvantage 
to NMOS. 


Where 
CMOS 
formerly 
sold 
at as 


much as a fourfold premium, 
today 


it is selling 
at somewhat 
less than 
twice the price of comparable NMOS 
devices. 
With its continued 
use of 


standard, 
low-cost 
packaging 
tech- 
nology as well as the more creative 
use of dynamic 
circuitry and hybrid 
static/dynamic 
designs, 
CMOS will 
rapidly approach 
the cost of NMOS. 


As a matter 
of fact, several 
major 
semiconductor 
manufacturers 
have 


stated that CMOS/NMOS 
price pari- 
ty will occur this decade, 
and some 


manufacturers 
say it will happen 
as 


early 
as 
1985. When 
CMOS 
and 
NMOS 
cost the same, 
why would 
anyone buy NMOS? 


A CMOS Single-Chip 
Computer: 
Intel's 80CS1 


Intel's 8OC51is an interesting exam- 


ple of how 
the 
static logic versus 


dynamic logic trade-off was made in 
an actual product design. The 8051 is 
an 8-bit, single-chip 
microcomputer 


with 4K bytes of ROM, 128 bytes of 
RAM, 
two 
16-bit 
counter/timers, 
multilevel 
interrupt 
control, 
32 I/O 


pins, 
full-duplex 
UART (universal 


asynchronous 
receiver/transmitter), 
and on-chip oscillator and clock cir- 
cuits. A die with the sections 
iden- 


tified by functions is shown in photo 
1 on page 94. 


The CMOS 
version 
of the 8051, 
called the 8OC51,is targeted at a num- 
ber of applications 
that require both 


high 
performance 
and 
low power 


consumption. 
In areas like telephony, 
automotive 
control, 
industrial 
con- 


trol, and portable 
instrumentation, 
the BOC51operates at or near its max- 
imum speed, 
even if only for short 


intervals. 
(For example, 
most 
real- 


time applications 
need an external- 


interrupt 
response 
time of less than 


100 microseconds 
(p.s); more 
de- 


manding 
applications 
require better 


than 
10-p.s response. 
While the re- 


sponse must be quick, and the inter- 
rupt 
routine 
executed 
quickly; 
the 


Normal 
Vce Supply 
Operating- 
Operating 
Power 
Down 
Voltage 
Frequency 
Mode 
Idle 
Mode 
Mode 


Product 
Technology 
Range 
Range 
(lee 
Max) 
(Ice Max) 
(lee Max) 


12 MHz 
Max 
24 mA 
3 mA 
50 ~A 
80C51 
CMOS 
4-6 
V 
1.2 MHz 
Min 
2.4 mA 
0.3 mA 
50~ 


8051 
HMOS 
4.5-55 
V 
12 MHz 
Max 
150 mA 
20 mA 


1.2 MHz 
M,n 
130 mA 
20 mA 


Table 
1: A comparison of the CMOS and NMOS 
versions of the 8051. 


processor 
spends 
a significant 
por- 


tion of its time idle.) 
Once 
the 
performance 
require- 
ments of the application 
are known, 


it is possible 
to specify a minimum 
operating 
frequency. 
For the 80C51, 
a hybrid 
static/dynamic 
design 
was 


proposed 
that allows a minimum 
die 
size and includes 
various modes 
of 
operation 
to minimize 
power 
con- 


sumption. 


First, the only areas of the design 
that were made 
dynamic 
were the 
(very large) ROM and Control arrays. 
These 
arrays contain 
almost 
50,000 
transistors 
and 
constitute 
a major 
portion 
of the die. By making them 
dynamic, 
an 
area 
savings 
on 
the 


order of 40 to 50 percent was accom- 
plished. 


Second, 
the processor, 
all the pe- 


ripheral functions, the RAM, and the 
I/O ports were made static. This al- 
lowed two modes of operation 
other 
than 
normal 
operating 
mode: 
Idle 


mode and Power Down mode. 


Because in many applications 
the 
processor 
does 
nothing 
more 
than 
wait for an event to happen, 
in the 


Idle mode the major clocks of the de- 
vice are stopped and only smaller an- 
cillary clocks operate 
to drive 
the 


peripheral 
counter/timers, 
external- 


interrupt control, and the serial chan- 
nel. 
When 
one 
of the 
peripherals 


generates an interrupt, 
the processor 


clocks 
are restarted 
and 
instruction 
execution 
resumes 
in the interrupt- 
service 
routine. 
The 
Idle 
mode 
reduces 
power 
consumption 
by 
a1II1ost an order 
of magnitude. 


In Power Down mode, 
all the clocks 


inside 
the 
device 
are shut 
off and 
only the internal 
128 bytes 
of RAM 
are 
"kept 
alive:' 
The 
only 
current 
consumed 
is a minute 
amount 
due to 
pn-junction 
leakage. 
Static logic was 
designed 
in the peripheral 
sections in 
order 
to support 
this mode 
because 


no 
clocks 
are 
available 
to 
refresh 
dynamic 
logic. In both the Idle and 
Power 
Down 
modes, 
special 
provi- 
sions are made 
for the dynamic 
cir- 
cuits in the ROM and Control 
areas 
to enter a pseudostatic 
condition 
that 
prevents 
any extraneous 
power con- 
sumption 
due to voltage drift on ca- 
pacitive 
storage 
nodes. 
Table 1 compares 
the NMOS 
8051 
to the CMOS 80C51. The 80C51, de- 
signed 
in Intel's 
HMOS-derived 
n- 
well process 
called 
CHMOS, 
is less 


than 
10 percent 
larger 
than 
the 


NMOS design and consumes 
only 15 


percent 
of 
the 
normal 
operating 


power. 
More 
significant 
power 
sav- 


ings 
are 
possible 
by operating 
the 


80C51 
at lower 
frequencies 
or 
by 


using 
the Idle mode. 
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A Look at CMOS Dynamic 
Memory 


by Joe Altnether 


The 
fast-growing 
portable-com- 


puter 
market 
is placing 
severe 
de- 
mands 
on semiconductor 
memory. 


For optimum 
system 
performance, 


these 
components 
must 
limit 
their 
power 
dissipation 
to 
suit 
battery 


operation 
and backup, 
and they must 
achieve 
the 
high 
data 
bandwidths 
and increased 
speeds 
needed 
for fast 
processing 
and 
high-resolution 


graphics. 
As the 
market 
reaches 
a 
projected 
$4.8 billion level by 1987 (a 
tenfold 
increase 
over 
1982 levels), 


these 
requirements 
will combine 
to 


fuel 
the 
use 
of high-performance 


CMOS 
dynamic 
RAMs. 


One architecture 
that can increase 
the speed of a CMOS dynamic 
RAM 
incorporates 
static-column 
address 
decoders: 
static circuits 
perform 
the 


selection 
of the 
column 
address 
of 
the RAM. 
Previously, 
this architec- 
ture has not been used with dynamic 
RAMs 
because 
of 
the 
increased 
power consumption 
of the static cir- 


cuits 
over that 
of the 
dynamic 
cir- 


cuits, 
and 
the 
advantage 
of 
low 
power 
consumption 
would 
have 
been 
lost. 
But with 
CMOS, 
the in- 


creased 
power 
consumption 
is neg- 
ligible. 


Memory-device 
Architecture 
RAMs are organized 
internally 
as 
rows and 
columns 
of storage 
cells. 
Data access occurs at the intersection 
of a row address 
and a column 
ad- 
dress. 
In dynamic 
RAMs, 
the 
row 


and 
column 
addresses 
are 
multi- 
plexed to reduce package size and pin 
count: 
the row addresses 
are clocked 
into the device with the RAS (row ad- 
dress strobe) signal, causing 
one row 
of data (1 bit from each of the 256 col- 
umns 
in a 64K-bit dynamic 
RAM) to 
be fed 
into 
the 
256 internal 
sense 
amplifiers. 
(Because of the low inter- 
nal signal levels, each column 
must 
have an associated 
sense amplifier 
to 
sense and restore 
memory-cell 
data.) 
Next, 
column 
addresses 
are 
pre- 
sented 
to the device and clocked into 
it with 
the 
CAS 
(column 
address 
strobe) 
signal. 
These 
column 
ad- 
dresses 
are then 
decoded 
to select 
one of the 256 bits. Faster access and 
cycle times are obtained 
within 
a row 
(or "page") 
after the first access to it 
because 
the 256 bits within 
the row 
continue 
to reside in the sense ampli- 
fiers and need 
not be refetched. 
Re- 
applying 
only 
column 
addresses, 


then, 
in what is known 
as Page Mode 


operation, 
provides 
fast 
serial 
ac- 
cesses and can increase cycle times by 
a factor of 2. 


The CMOS 
dynamic 
RAM can in- 
corporate 
static-column 
circuits 
to 
provide 
performance 
equivalent 
to 
that of high-speed 
static RAMs. With 
CMOS, 
the 
static-decoding 
circuits 
reduce the internal 
number 
of clocks 
by a factor of 3, eliminating 
the need 
to allow for setup 
and hold times of 
signals with respect to clocks and the 
need to compensate 
for timing skews 


due to process 
variances. 
With static- 
column 
circuits, 
precharge 
times are 


drastically 
reduced 
(in Page 
Mode 


operation 
of the Static-Column-mode 


device, 
precharge 
time 
is reduced 


from 30 nanoseconds 
[ns] to 5 ns). 


This 
precharge 
time 
reduction 
and 


the faster 
access 
times 
typically 
in- 


crease the memory's 
bandwidth 
to 20 


MHz. 
(Performance 
of memory 
dis- 


cussed 
here is based 
on the experi- 
mental 64K-bit CMOS dynamic 
RAM 


that 
Intel 
presented 
at the 
ISSCC 


conference 
in February 
1983.) 
With 
static-column 
architecture, 


two 
different 
types 
of Page 
Mode 


operation 
are possible: 
Static Column 
mode 
and 
Ripplemode. 
Static 
Col- 


umn 
mode 
uses 
the 
RAS line and 


row 
addresses 
in the 
conventional 
manner, 
but once the row has been 


selected, 
data can be accessed 
mere- 


ly by changing 
column 
addresses. 
As 


with a static RAM, column 
addresses 


must remain 
stable and valid for the 


entire 
address 
access 
cycle. Access 


time is measured 
from column 
ad- 


dresses 
rather than the occurrence 
of 


CAS. (Typically, access from column 
addresses 
is 30 ns; from CAS, it is 10 


ns.) 
In operation, 
CAS is used to place 


the output 
in a high-impedance 
state 


or to activate an output 
buffer. 
CAS 


can be held active during 
the entire 


page 
cycle. In fact, it is possible 
to 


keep 
CAS permanently 
active 
(i.e., 


grounded). 
During 
a 
write 
cycle, 


however, 
addresses 
as well as data 
are latched by CAS or WE, whichever 
occurs last. Operation 
is identical to 
that of an NMOS dynamic 
RAM in 


this case. This action ensures that the 
data is written into the proper mem- 
ory location. 
Although 
Static 
Column 
mode 
provides fast, easy accesses, speed at 
the system level is limited by how fast 
addresses 
for the next cycle become 
valid; the time to generate and stabi- 
lize the addresses 
must be added 
to 
the 
cycle 
time. 
Increased 
system 


speed can be obtained 
by using Rip- 
plemode. 
With 
this 
mode, 
static- 
column circuits are again used to ob- 
tain access 
from valid column 
ad- 


dresses, but the addresses are latched 
on the falling edge of CAS, removing 
the requirement 
for addresses 
to re- 
main valid throughout 
the entire cy- 
cle. As a result, during the current cy- 
cle addresses 
for the next cycle can 


be set up or pipelirzed. 


Column 
addresses 
enter the RAM 
through 
the internal 
address 
latch. 


This latch, controlled 
by CAS, pro- 


vides flow-through 
operation. 
When 


CAS is inactive, the latch is open, and 
addresses 
pass through 
continuous- 
ly to the static-column 
decoders. Any 
change in address 
is transmitted 
im- 
mediately 
to the 
decoder. 
Conse- 


quently, 
access to the RAM is again 


measured 
from 
valid 
column 
ad- 


dresses. 
The latch captures 
the cur- 


rent address 
on the fall of CAS, per- 


mitting the system address to change 
while 
the access occurs. 
CAS also 
serves 
as an output 
enable 
on the 
data 
output. 
Static 
Column 
mode 
and 
Ripplemode 
both 
permit 
con- 
tinuous 
data streams up to 20 MHz. 


CMOS 
technology 
and 
static- 
column 
architecture 
provide 
more 
than 
low power 
consumption 
and 


high bandwidth. 
In addition, 
static- 


column 
decoding 
simplifies 
system 


design by eliminating 
critical timing 


relationships 
while providing higher 


system 
speed. 
Access from column 


addresses 
gives 
usable 
speed 
for 


single random 
accesses 
within 
the 
RAM. Also, the CMOS technology 
enhances 
reliability by incorporating 


a mechani,m 
to ,ignificantly 
reduce 
soft errors. 
Finally, increased 
stored 


charge creates larger internal 
signal 


levels, which can more easily be dif- 
ferentiated 
from noise. As a result, 


the CMOS dynamic 
RAM has wider 


operating 
margins 
and system 
reli- 
ability is improved. 


Power Consumption 


At the system level, dynamic mem- 
ory has three components 
of power: 


active, 
standby, 
and 
refresh. 
The 
system's 
power consumption 
is de- 
fined as 


where 
P = system power, V = volt- 


age (5.5 V worst case), I. = active cur- 
rent, 
I. 
= standby 
current, 
IN 
= 


refresh current, 
M = number 
of ac- 
tive devices, 
K = number 
of devices 


in standby, and N = total number 
of 
devices. 
CMOS reduces 
the first term, the 
active current, 
relative to NMOS by 
a factor of 2. In addition, 
the lower 
active current reduces supply voltage 
transients, 
thus 
simplifying 
printed-circuit-board 
design 
and 


reducing 
decoupling-capacitor 


requirements. 


The second term, standby current, 
is also reduced by a factor of 2 at TTL 
input levels. Driving the RAS signal 
to a CMOS level (Voo-o.5 
V) places 


the device 
in a low-power-standby 


mode and typically draws 10 micro- 
amperes 
(I'A)-a 
factor of 50 reduc- 
tion over NMOS! 
Refresh current, 
the third term in 


the equation, 
is cycle-time 
depen- 


dent. Current 
increases with the fre- 
quency of refresh. In dynamic RAMs, 
data is stored on a capacitor that must 
be replenished 
or recharged 
every 2 
or 4 milliseconds 
(ms). This refresh 
time is a function of the stored charge 
and 
the leakage 
current. 
With the 


CMOS dynamic 
RAM, the cell stor- 


age capacitance is 0.125picofarad (pF) 
compared 
to 0.040 pF to 0.085 pF in 


an NMOS dynamic 
RAM. This low 
capacitance, coupled with lower leak- 
age currents, 
permits 
the CMOS re- 
fresh period to be extended 
to 64 ms 
in standby. 


At the standard 
128 refresh cycles/2 


IDS (equivalent 
to a 15.625-jLs refresh 
period), 
the 
NMOS 
device 
draws 
about 
4.8 milliamperes 
(mA) 
and 


asymptotically 
approaches 
the stand- 


by current 
of 4 mA as the refresh 


period 
approaches 
infinity. 
Even 
eliminating 
refresh 
entirely only re- 


duces the current 
to 4 mA, which is 
only a 16 percent improvement. 
As a 


result, extending NMOS refresh does 
not significantly 
reduce the system's 
power consumption. 
Contrast 
this characteristic 
to the 
improvement 
CMOS offers. At 15.625 
I'S, the CMOS dynamic 
RAM draws 
approximately 
10 percent 
of 
the 
NMOS 
current, 
or 0.42 mA at TTL 
levels. Extending 
the refresh 
period 


reduces the current asymptotically 
to 


the standby current 
of 0.05 mA. At a 


64-ms refresh 
period, 
the current 
is 


reduced 
to 0.15 mA, a 300 percent re- 


duction. 
When battery powered, 
the 
CMOS system has a 10 times longer 
life than does the NMOS system, and 
an 
extended 
refresh 
mode 
offers 
another 
fivefold 
improvement. 
A 
256K-byte CMOS memory can retain 
data for nearly one week on only AA 
nickel-cadmium 
(nicad) cells-more 


than 
sufficient 
for 
most 
portable 
systems. 


High-Speed 
Applications 
Ripplemode 
and 
Static 
Column 
mode 
are ideal for applications 
in- 
volving high-speed 
buffers, telecom- 


munications, 
and 
graphics. 
Bit- 
mapped 
graphics 
systems 
would 
seem 
to be a natural 
fit with 
Page 


Mode operation. 
However, this was 


not always the case. Prior to the In- 
tel 
2164A 
64K 
by 
1-bit 
NMOS 


dynamic 
RAM, it was difficult to re- 


trieve all 256 bits within a single row 
of memory 
because 
of the RAS-low 


time limitation 
of 10 I'S. Even with a 


Page Mode cycle time of 125 ns, to 
retrieve all 256 bits would require 32 
I's-three 
times longer than allowed. 


The 
2164A extended 
the 
RAS-Iow 


time to 75 I'S, permitting 
the extrac- 


tion of all 256 bits during 
a single 


Page Mode cycle. 
At the end of the cycle, the device 
cannot be reaccessed again until after 
a 
certain 
off-time 
allows 
internal 
nodes 
to be precharged 
to be ready 


for the next cycle. As a result, 
the 


2164A can stream data at greater than 


a 7-MHz rate continuously. 
This func- 


tion matches 
the timing and opera- 
tion of low-performance, 
bit-mapped 


graphics 
memories. 
One 2164A, for 


example, can map all the data for the 
256 by 256 matrix of a graphics 
dis- 


play. During the horizontal scan time, 
the RAM performs 
a Page Mode cy- 
cle and 
one full line is displayed. 
During 
retrace 
time, 
the 
memory 
must 
be refreshed 
and can be up- 


dated with new data if required. This 
type of update is relatively slow; con- 
sequently, 
it 
limits 
the 
speed 
of 


animation 
on the screen because the 
processor 
has access to the memory 
only 25 percent 
of the time .. 


To increase resolution, 
more lines, 
each with more pixels, must be used. 
By performing 
two sequential 
Page 
Mode 
cycles 
from 
two 
different 


RAMs, pixel densities 
to 512 bits per 
line can be achieved. 
As pixel densi- 
ty increases, 
the memory 
cycle time 
must decrease to paint more pixels on 
a line in the same amount 
of time. 
This cycle-time 
limitation 
plus 
the 
fact that 
memory 
can be updated 


only during blanking 
has precluded 


dynamic 
RAMs 
from 
use 
in 


higher-resolution 
graphics 
displays. 
These systems are usually built with 
high-speed, 
expensive 
static RAMs. 


With Ripplemode, 
memory update 
during 
screen 
display 
time, 
also 
known as cycle stealing, 
is possible. 


As an example, a 512 by 384 display 
requires 512 bits/line and 1 bit every 
67 ns. Data is read from four memory 
devices 
in a series of eight Ripple- 


mode reads each. Data is temporari- 
ly stored 
in a video-output 
register 


file and 
then 
shifted 
to the video 
screen at a rate slower than the Rip- 
plemode 
reads. 
Following 
this, 
enough 
time is available to perform 


an update cycle before the next eight 
Ripplemode 
reads are performed 
to 
continue 
screen 
refresh. 
Eight was 
the number 
chosen 
to minimize 
the 
time the processor 
must wait to up- 
date the memory. In addition 
to this 
cycle stealing, which updates 
during 
display 
time, 
memory 
updates 
are 
also 
performed 
during 
blanking. 
Along with this system, a similar sys- 
tem was built using 2164As with Ex- 
tended 
Page Mode operation. 
Each 


system 
used 
an iAPX 86 processor 


and similar software. 
A comparison 


of both systems showed the CHMOS 
(complementary 
high-speed 
metal- 


oxide semiconductor) 
system to have 
a 42 percent 
higher drawing 
speed. 


Animation 
on the CHMOS 
system 


was vastly improved. 


Usable Speed 
Memory 
design 
using 
dynamic 


RAMs has always been a challenge. 
Although 
multiplexing 
addresses 


does reduce 
the package 
pin count 
and increase system density, it limits 
the 
access 
and 
cycle times 
in the 
system. 
To access a dynamic 
RAM, 


low-order 
row 
addresses 
are 
pre- 


sented and latched into the dynamic 
RAM with RAS. Row addresses 
must 
be held for a period IRAH after the fall 
of RAS to guarantee 
proper 
opera- 
tion. 
Next, the addresses 
must 
be 


changed 
to high-order 
column 
ad- 
dresses and latched into the dynamic 
RAM with 
CAS, creating 
a timing 


window 
IRCD' 
which 
is the RAS-to- 


CAS delay. 
Within this window, 
the designer 
must 
guarantee 
row 
address 
hold 
time, change the addresses, 
and ac- 
count 
for any timing 
skew on the 
CAS signal. If column addresses 
are 
valid at the maximum 
specified 
IRCD' 


access time IRAC is measured 
from the 


high-to-Iow 
transition 
of RAS. 


The cycle time is the sum of the ac- 
cess time 
and 
the cycle precharge 


time IRP• The access time is a function 
of IRCD' 
which has contradictory 
re- 


quirements. 
It must 
be as long as 


possible 
to simplify 
system 
design 


and 
at the same 
time as short 
as 
possible 
to enhance 
system 
speed. 
Cycle time is affected directly by the 
length 
of IRP. 
' 


Static-column 
operation 
eliminates 


the IRCD problem. After row addresses 
have been latched into the RAM, the 
second 
portion 
of the access begins 


from 
valid 
column 
addresses. 
In 


other words, column access does not 
wait for CAS to become 
valid, but 


operates 
in a fashion similar to that 


of a static RAM. This is due to the 
flow-through 
operation 
of the CAS 
latch. CAS serves only to latch the 
addresses 
and to provide 
an output 


enable. Access from valid column ad- 
dresses 
simplifies 
design 
by remov- 


ing the CAS signal from the critical 
timing path. 


Systems using dynamic 
RAMs are 


typically CAS access-limited 
because 
controllers generate timing signals in 
discrete clock increments. 
A CMOS 


dynamic RAM system might operate 
at 8 MHz without 
Wait states. Using 


any 
other 
64K-bit 
dynamic 
RAM 
would require the injection of one or 
two Wait states, resulting 
in a corre- 
sponding 
performance 
penalty. Con- 


sequently, 
the advantage 
of higher 


processor 
speed 
is negated 
without 


the high-speed 
dynamic 
RAM. For 
systems incorporating· either discrete 
or 
LSI 
controllers, 
the 
CMOS 


dynamic RAM simplifies the system 
design 
and 
offers 
higher 
system 


performance. 


High Reliability 


Soft errors are random, 
nonrecur- 
ring failures caused by ionizing radia- 
tion present within the environment. 
All matter contains small amounts 
of 
radioactive 
material. 
Alpha particles 
emitted by an Ie's packaging material 
can penetrate the enclosed circuit. As 
they do so, they generate 
hole-elec- 


tron 
pairs. 
Any 
high-impedance 


node 
in the vicinity 
sensitive 
to 1 


million 
electrons 
may be affected, 


because 
the difference 
between 
a 1 
and a 0 (known as the critical charge) 
:s about 
1 million electrons. 
Conse- 


quently, data in one cell could change 
from a 1 to a 0 or vice versa. Correct 
data can be rewritten into the affected 
cell and the memory 
will again func- 


tion 
correctly, 
thus 
the 
term 
"soft 
error:' 


When first discovered 
during 
tests 
of 16K-bit dynamic RAMs, soft errors 
occurred 
at a rate five times greater 


than catastrophic 
or hard-error 
fail- 


ures. While device designers 
worked 


to eliminate 
the alpha-particle 
sen- 
sitivity, 
systems 
designers 
added 
error-correcting 
circuits (ECC), which 


increased 
system reliability, but the 
systems were larger and more expen- 
sive 
due 
to 
the 
additional 
com- 


ponents 
required. 
Also, the system 


had to test and correct the data, slow- 
ing the system's performance. 
All this 


was due 
to soft errors. 
Obviously, 


what is really required is the elimina- 
tion of soft errors. 


CMOS 
technology 
offers 
such 
a 


solution. 
The CMOS 
dynamic 
RAM 


cell is built on an n-well in a p-sub- 
strate, 
creating 
a p-n 
junction 
or 
diode 
at fhe boundary. 
When 
alpha 
particles 
create hole-electron 
pairs in 


a CMOS 
device, 
something 
else oc- 


curs. First, the n-well is very shallow, 
and 
the 
majority 
of 
hole-electron 
pairs are created 
in the p-substrate. 
Holes 
cannot 
transfer 
across 
the 


reverse-biased 
p-n junction, 
which 


acts as a barrier 
to soft-error 
effects. 


Any electrons 
that do cross the junc- 


tion are gathered 
at the +5-V node 


away from the storage cell. The prob- 
ability 
that 
sufficient 
hole-electron 


pairs 
are created 
within 
the 
n-well 


that cell upset 
could occur is so low 


that 
the 
soft-error 
rate 
of CMOS 


dynamic 
RAMs is typically 
orders of 


magnitude 
below that of their NMOS 


counterparts. 


High storage capacitance 
also plays 


a role in the reduction 
of soft errors. 
The number 
of stored 
charged 
elec- 


trons representing 
a 1 or a 0 is direct- 


ly proportional 
to the storage capac- 


itance. 
Higher 
capacitance 
equates 


to more stored charge, which in turn 
increases 
the 
critkal 
charge. 
The 
critical charge 
is the number 
of par- 
ticles that differentiate 
a 1 from a O. 


Increasing 
the critical charge beyond 
1 
million 
electrons 
significantly 
reduces 
the susceptibility 
to soft er- 
rors. This, in addition 
to the n-well 
mechanism, 
reduces 
the 
soft-error 
rate to much 
less than 0.001 percent 
per 1000 hours. 
Studies 
were 
performed 
to com- 
pare reliability 
of systems 
with 
and 
without 
error 
correction 
for 
both 
NMOS 
and CMOS 
dynamic 
RAMs. 


The 
results 
show 
one 
surprise: 
at 
256K bytes 
and 
below, 
the 
CMOS 


system 
without ECC is more reliable 
than 
the 
NMOS 
system 
with ECe, 


because 
of 
the 
cycle-time 
depen- 
dence of soft errors. In small systems, 
the 
memory 
is accessed 
more 
fre- 
quently, 
and the probability 
of a soft 
error 
is increased. 
With a soft-error 
rate at the very minimum 
100 times 
less 
than 
NMOS, 
the 
CMOS 
dynamic 
RAM does 
not experience 
this effect. 


Systems below 256K-byte capacities 


benefit by the elimination 
of ECC cir- 
cuits from a cost, performance, 
and 
simplicity-of-design 
standpoint. 
First, 


ECC increases 
the access time of the 
system by 50 ns to check and correct 
data. 
Assuming 
a 120-ns 
RAM 
ac- 
cess, ECC increases 
the access by 42 
percent. 
Moreover, the penalty 
on cy- 
cle time 
is even 
greater, 
especially 


when you are writing a single byte in- 
to a 2-byte 
word. 
In this 
instance, 


data must be accessed 
and corrected, 


the new byte merged 
into the word, 


and check bits generated. 
Finally, the 
system 
must write the new data into 


memory. 
Added 
to this are any sys- 


tem-timing 
skews. 
As 
a result, 
a 


200-ns cycle time stretches 
to a 335-ns 
system cycle time or an increase 
of 68 


percent. 
Therefore, 
using 
a CMOS 


dynamic 
RAM 
not 
only 
improves 


system 
reliability 
but enhances 
sys- 
tem speed and simplicity of design .• 
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Modular approach to C·MOS technology 
tailors process to application 


Despite the proliferation of applications, a few C-MOS process variations 
can address the functional requirements of many different products 


o In the past few years, the interest 
in complementary- 
MOS technology 
and its applications 
to new products 
has 
exploded. 
Traditional 
arguments 
for C-MOScenter 
on its 
low power dissipation, 
the large noise margins of comple- 


mentary 
logic, and its simple 
ratioless 
design. 
With 
the 


advent 
of very 
large-scale 
integration, 
these 
arguments 


are taking 
on new meaning 
and importance. 
As an example, 
Fig. 
I compares 
the performance 
of 
H-MOS(high-performance 
n-channel 
MOS ) inverters 
with 
their equivalent 
in Intel's C-H-MOS(complementary 
high- 
performance 
MOS) technology. 
Though 
H-MOS'S speed 


continues 
to improve 
with further 
scaling, its delay-pow- 


er product 
is more 
than 
an order 
of magnitude 
higher 
than a C-H-MOSimplementation 
with identical 
n-channel 
transistors. 
In a VLSI part 
with 
50,000 
gates, 
C-H-MOS 


could 
mean 
the 
difference 
between 
I and 
10 watts 
of 


power 
dissipation, 
which 
might 
save 
the 
expense 
and 
difficulty 
of a sophisticated 
cooling 
system 
or extend 
a 
portable 
system's 
operating 
time by a factor 
of 10. 
That C-MOS performance 
is now on a par with noMOS 
technology 
has also accelerated 
its popularity. 
In addi- 
tion. the density of C-MOScircuitry 
has improved 
dramat- 
ically with advances 
in technology. 
Finally, 
the number 


of process 
alternatives 
has grown 
so large 
that 
almost 


any integrated-circuit 
design can be supported 
with avail- 


able C-MOS technology. 


Unfortunately, 
the wave of enthusiasm 
for C-MOS and 
the 
needs 
of different 
applications 
have 
multiplied 
the 
number 
of approaches 
that C-MOSdevelopers 
are taking. 
Several major issues remain in VLSIC-MOSdesign-name- 
ly latchup 
and 
soft-error 
prevention, 
interconnections, 
and 
logic-design 
techniques. 
A building-block 
approach 


with a limited 
number 
of basic process 
modules 
can be 
used 
to create 
a close-knit 
family 
of technologies 
that 
squarely 
addresses 
these issues and 
simultaneously 
sup- 


ports 
a wide range of applications. 


The basis for e-H·MOS 


A 
firm 
foundation 
in 
noMOS-transistor 
physics 
will 


support 
the advancement 
of C-MOS technology. 
As chan- 


nel lengths approach 
I micrometer, 
n-channel 
transistors 
become 
more difficult 
to optimize 
because 
the standard 


5-volt power supply 
causes problems 
with high-intensity 
fields. Improperly 
designed 
transistors 
may be unreliable 


a, 
a result 
of hot-carrier 
injection 
into 
gate oxides, 
or 
they may cau,e 
Ie" localized 
problems 
by injecting carri- 


ers into the MOS substrate-there 
to bleed charge 
from 
storage 
nodes or even trigger 
a destructive 
latchup. 
The resources 
to develop and verify the reliability 
of a 


I-JJ-m n-channel 
transistor 
are well established 
and sub- 
stantial. 
In Intel's 
C-H-MOS process, 
the basic design 
of 
the n-channel 
transistor 
is identical 
to its H-MOScounter- 


part, 
as shown 
in the table. 
Even at the more 
detailed 


levels of doping 
profiles, the H-MOSand C-H-MOStransis- 
tors are nearly 
identical. 


Thus 
a high-performance 
C-MOS technology 
may 
be 
born 
out 
of an 
established 
noMOS line. 
The 
relatively 
simple addition 
of an n-well in the same high-resistivity 
substrate 
results 
in a C-MOS process 
that 
serves 
as the 
basis for several 
optimized 
technologies. 
This 
is just 
a 
start, 
however, 
as other 
important 
issues remain-. 


Latchup 
has 
been 
the 
traditional 
nemesis 
of C-MOS. 
Given the presence 
of parasitic 
silicon controlled 
rectifi- 
ers 
within 
every 
bulk 
C-MOS chip, 
a current 
pulse 
of 
sufficient magnitude 
either inside or outside 
the chip may 
cause a catastrophic 
latch up. Many 
schemes 
have been 
proposed 
to combat 
latch up, ranging 
from carefully 
scru- 
tinizing 
the 
layout 
(which 
imposes 
no 
burden 
on 
the 
technology) 
to 
a buried 
layer 
(which 
significantly 
in- 
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1. Power 
down. Despite the continuous 
improvement 
of H-MaS 
(high-performance MaS) by scaling, the delay-power product for C-H- 
MaS (complementary-MaS 
H-MaS) 
IS more than an order of magni- 


tude lowor.ln the typical integrated CIrCUIt. 


n·CHANNEl 
TRANSISTOR 
COMPARISON 


Technology 
Gtite·oxide 
Chonnol 
Threshold 
GrMted 
drain 


n-MOS 
C-MOS 
thickness (.ll) 
length (pm) 
voltagolVI 
profile 


H·MOS I 
- 
700 
3.0 
0.7 
no 


H-MOS II 
C·H·MOS 
400 
2.0 
0.7 
no 


H-MOSII 
C'H'MOS 
III 
250 
1.0 
0.7 
yes 


creases 
complexity 
and processing 
cost). 
All have some 
degree of effectiveness. 
A modular 
approach 
to a broad-based 
line of C·MOS 
technologies 
requires 
other 
measures 
besides mere physi- 
cal latchup 
resistance. 
The latchup 
spoiler must be appli- 


cable to dynamic 
random-access 
memories, 
erasable 
pro- 


grammable 
ready-only 
memories, 
and 
static 
RAMs, as 
well as to microprocessors 
and controllers. 
In order 
to 
improve 
latchup 
resistance, 
it cannot 
increase 
the 
dis- 


tance 
between 
n- and 
p-channel 
transistors 
(this 
con- 


straint 
is most significant 
in random 
logic and full C·MOS 
six-transistor 
static-RAM 
cells). 
The 
technique 
must 
be 
compatible 
with 
low-cost 
and large-volume 
manufactur- 


ing. Finally, 
the approach 
must 
be consistent 
with 
the 
use of an automated 
checking 
algorithm, 
so that 
every 
gate 
of a large 
semi random 
logic design 
need 
not 
be 
scrutinized 
for latchup 
susceptibility. 


Epitaxial benefits 


Figure 
2 shows 
the margin 
gained 
in latch up trigger 


current 
when an epitaxial 
substrate 
is used. The epitaxial 


substrate 
brings the same latchup 
benefits to all product 


lines, and in many cases provides 
additional 
advantages 
such 
as improved 
surface 
lifetimes 
(for dynamic 
RAMS) 
and reduced 
de resistance 
(for E·PROMs and logic). Epi- 
taxial substrates 
are now available 
in volume 
from com- 


mercial 
silicon vendors, 
adding 
less than 
5% to the cost 


of a finished 
wafer. 
No additional 
or exotic 
fabrication 


equipment 
needs 
to be installed. 
Because 
the 
epitaxial 
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2. leneflts. 
By raising the margin of latchup trigger current, an 


epitaxial 
substrate 
effects 
a dramatic 
improvement 
in combatting 


latch up, a major concern In complementary-MOS 
chip design. 


substrate's 
heavily 
doped 
bulk effec- 


tively 
eliminates 
the 
vertically 
trig- 


gered latchup 
mode, it is possible 
to 


develop 
a set of computer-aided-de- 
sign tools that can flag latchup-sensi- 
tive layouts on the largest VLSIchips. 


Since grasping 
the phenomenon 
of 


upsets induced 
by alpha 
particles, 
in 


1977, memory 
designers 
have 
taken 
care to ensure 
that enough 
charge 
is 
stored 
within 
each 
cell to minimize 
the 
problem. 
As critical 
chip 
dimensions 
are 
reduced, 


this problem 
becomes 
more severe, however, 
since both 


parasitic 
and storage 
capacitances 
are naturally 
reduced. 


For the latest 
1.5-fLm noMOSprocess, stored charge is low 
enough 
to 
caution 
even 
microprocessor 
designers 
to 
guard 
against 
random 
storage 
nodes suffering 
from soft 
errors. 
Fortunately, 
C-MOS provides 
a 
natural 
barrier 
against 
soft errors 
if the storage 
node is located 
within 


the C-MOS well. 


The well junction 
is reverse-biased 
by the power-sup- 


ply voltage. 
The electric 
field at this junction 
naturally 


repels any carriers 
generated 
outside 
the well that might 
otherwise 
diffuse up to surface storage nodes. The combi- 


nation 
of the well structure 
and an epitaxial 
substrate 
is 
even more effective. Here the funneling 
mechanism 
that 


usually 
collapses 
local electric 
fields during 
the passage 
of an alpha particle 
is also minimized. 
By using epitaxial 
substrates 
and 
the 
protection 
of 
a 
C·MOS well, 
the 
amount 
of charge collected 
during 
an alpha event can be 


reduced 
by an order 
of magnitude. 


Of course, 
the designer 
must 
arrange 
for the storage 


node to reside within the well. This constraint, 
combined 


with other 
performance 
issues, leads to different 
choices 


of well and substrate 
polarities, 
depending 
on application. 


For example, 
in a C·MOStechnology 
that is optimized 
for 


dynamic 
RAM, the ideal memory 
cell should 
have a p- 
channel 
pass gate and a p-channel 
capacitor 
located with- 
in an n-well in a p-type substrate. 
The p-channel 
transis- 


tor is chosen because it injects far fewer spurious 
carriers 


into the substrate 
and thus does not by itself disturb 
the 
state of neighboring 
cells. 


The conductance 
of the p-channel 
device, while lower 


than 
that of an n-channel 
device of the same size, does 


not degrade 
the RAM'S performance, 
since dynamiC-RAM 
sensing 
is limited 
primarily 
by 
the 
amount 
of stored 


charge. 
Experimental 
results 
with 
C-H·MOS dynamic 


RAMS based on these principles 
show a soft-error 
rate of 


less than 
300 FIT (failures 
in time, or device failures 
per 


billion hours) 
at a power supply of only 3 v. This is an 


improvement 
of more 
than 
three 
orders 
of magnitude 


over traditional 
noMOS dynamiC-RAM technology 
and of- 


fers the possibility 
of dynamiC-RAM systems 
that 
require 


no error 
correction 
and 
that 
are 
compatible 
with 
low- 


voltage 
battery 
backup. 


High-density, 
high-performance 
static 
RAMS present 


the other 
side of the coin. The smallest 
statiC-RAM cells 


today 
are built 
using polysilicon-load 
resistors 
that 
sus- 


tain 
the 
stored-node 
voltage. 
On 
the 
time 
scale 
of an 
alpha 
event, 
however, 
these 
resistors 
in effect 
do 
not 
exist. Because the storage 
node's RC time constant 
is on 


the order 
of milliseconds 
and the alpha 
event's 
lime scale 


is nanoseconds, 
the cell appears 
dynamic. 
In this sense, 


polysilicon-Ioad 
static-RAM cells are very similar 
to dy- 


namic-RAM cells. The major difference 
arises in the way 


the cells sense the cell's information. 
The static-RAM cell 


provides 
a direct 
current, 
and 
to 
maximize 
the 
cell's 
performance, 
that 
current 
must 
be as large as possible 
while contained 
in a minimum 
area. Thus 
the chip de- 


signer 
must 
use high-gain 
n-channel 
transistors 
for the 


cell's pass gates and pulldowns. 
For good soft-error 
pro- 


tection, 
then, the cell must be located 
in a p-well within 


an n-type 
substrate. 
The p-well approach 
benefits even full C-MOS six-tran- 


sistor 
static-RAM 
cells. The 
area 
of such 
cells depends 
strongly 
on the distance 
allowed between 
n- and p-chan- 
nel devices. 
Using 
a straightforward 
implementation 
of 


epitaxial 
C-MOS, the p-well approach 
provides 
more mar- 


gin 
against 
latchup 
at 
small 
n-to-p 
spacings 
(Fig. 
3). 
This 
phenomenon 
occurs 
because 
of the differing 
diffu- 


sion 
properties 
of n- 
and 
p-type 
dopants. 
The 
heavy 
doping 
in the n-type substrate 
is less mobile than 
is the 
p-type 
dopant, 
resulting 
in less outdiffusion 
during 
ther- 
mal processing 
and thus minimizing 
the shunt 
resistance 
that controls 
latch up. 


Hooking it up 


One of the challenges 
of C-MOSin logic applications 
is 
interconnection. 
Designers 
of 
noMOS chips 
are 
accus- 
tomed 
to buried 
contacts, 
which 
directly 
connect 
n-type 
polysilicon 
and n-type transistor 
source or drain 
regions. 
Because C-MOS requires 
contact 
to both p and n regions, 
the traditional 
n-type 
buried 
contact 
becomes 
much 
less 
useful, and a version suitable 
for both diffusion polarities 
is quite difficult to implement. 
This increases 
the burden 


on contact 
and metallization 
modules. 
For high-density 
C-MOSlogic, the first level of metal is 
all but consumed 
by local connections 
between 
p and n 


transistors. 
The 
payback 
from adding 
a second 
level of 


metal 
for longer-distance 
routing 
is very high. 
A good 


example 
exists for the six-transistor 
static-RAM cell com- 


monly 
used by logic designers. 
Figure 
4 compares 
sin- 


gle- and 
double-metal 
versions 
of this cell, both 
imple- 
mented 
with 
1.5-fLm design 
rules. 
Here the second-metal 
layer provides 
the bit lines for the cell. Similar 
ar- 


guments 
justify 
the 
use 
of 
second 


metal 
in 
global 
power, 
clock, 
and 


data routing 
in complex microproces- 


sor chips. 
Contacts 
themselves 
are more dif- 
ficult to build in C-MOS. N-MOS tech- 
nology accustomed 
process 
engineers 
to adding 
a phosphorus 
contact 
plug 


after 
the contacts 
have been etched. 


This 
plug 
brought 
several 
advan- 


tages: the phosphorus 
gettered 
metal- 
lic contaminants 
from the wafer, re- 


ducing 
junction 
leakage; 
and 
the 
high-temperature 
diffusion 
rounded 


the 
profile 
of the 
contact 
sidewall, 
easing the step coverage 
of the metal 


subsequently 
deposited. 
Further, 
the 
plug had self-aligning 
features. 
If the 
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3. p·wen margin. Withan epitaxialsubstrate. a p-wellstructure (up- 
per curve) yields a greater margin against latchup than n-well at 
smaller n- and p-device spacings. 


contact 
etch attacked 
the silicon substrate 
or if the con- 
tact was misaligned 
toward 
the field-oxide edge, the plug 


would rejuvenate 
the resulting 
weakened 
junctions. 
In c- 


MOS, these same attributes 
must be obtained 
differently, 


through 
improved 
fabrication, 
cleanliness, 
new gettering 


techniques, 
improved 
dielectrics, 
and 
tightly 
controlled 


contact 
etching. 
Figure 
5 shows the difference 
ill imple- 
menting 
a 1.5-fLm contact 
structure 
in noMOSand C-MOS. 


Along with the proliferation 
of C-MOStechnologies 
has 


come a wave of innovation 
in C-MOS design 
techniques. 


For digital 
logic, the major contenders 
for broad 
use are 


full complementary 
design 
and 
domino 
logic, 
first pro- 
posed 
by AT&T Bell 
Laboratories 
(Fig. 
6). 
For 
many 
applications, 
traditional 
C-MOS logic is a winner. 
It re- 
quires no clocks, has larger operating 
margins, 
and uses 


fewer 
transistors 
for 
simple 
gates. 
For 
more 
complex 


gates, 
however, 
domino 
logic uses fewer transistors 
and 
runs 
faster. 
The 
speed 
results 
from 
connecting 
fewer 


transistors 
in series and reducing 
gate-fanout 
loading 
by 
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4. Parback. 
The use ofdouble-metallayersfora six-transistorstatic-RAMcellcan produce a 
large savings inreal-estate. Intwocells implementedwitha 1.5-l'mdesign rules. the savings 


can amount 
to one third of the total area. The cell at right uses second-layer 
metal for bit lines. 
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5. "aklng 
conblc\. 
Contacts are more diffi- 
cult to build in C-MOS than in conventional n- 
MOS. The phosphorous contact plug used in 
noMOS after contact etching (a) adds desir· 
able features such as reduced junction leak- 
age and improved step coverage by the metal 
layer. To gain the same advantages in C- 
MOS requires greater process control (b). 


and 
powell 
construction 
show 
that 
the p-channel's 
conductance 
may be 
improved 
by as much 
as 
10% with 
the proper 
well type. 
By contrast, 
domino 
logic is at its 
best in an n-well 
technology. 
Here, 
the 
n-channel 
transistor 
dominates 
both 
performance 
and 
transistor 
count. 
Placing 
the 
n-channel 
device 
outside 
the well improves 
its conduc- 
·tance and reduces 
the dominant 
par- 
asitic 
junction 
capacitance. 
Density 
also increases 
because 
no well con- 
tacts are required 
for the majority 
of 
the transistors. 
The 
twin-well 
approach 
to CoMas 
blurs 
these 
distinctions. 
In 
this 
ap- 
proach, 
a 
high-resistivity 
epitaxial 
layer 
is grown 
on a heavily 
doped 
starting 
wafer. 
Then 
the doping 
for 
each transistor 
polarity 
may be inde- 
pendently 
optimized 
without 
need 
for 
doping 
compensation_ 
Perfor- 
mance 
arguments 
based 
on mobility 
or junction 
capacitance 
thus 
become 
moot. Nonetheless, 
domino 
logic will 
still 
be 
best 
on 
a p-type 
substrate 
(equivalent 
to n-well) because it does 
not 
require 
well contacts 
to collect 
the 
large 
parasitic 
substrate 
currents 
from 
the 
n-channel 
transistors, 
thus 
improving 
packing 
density. 


up to a factor 
of two compared 
with full C·Mas. 
Interestingly, 
the choice 
of design style influences 
the 
optimal 
type of C·Mas well. The speed of full C·Mas is 
limited 
by the 
slower 
of the 
two 
transistor 
polarities. 
Since 
the 
trip 
point 
is quite 
close 
to 
half 
the 
power 
supply, 
the 
time 
required 
for either 
transistor 
type 
to 
discharge 
its load 
capacitance 
by about 
2.5 v sets the 
gate's 
speed. 
Since 
the 
p-channel 
device 
is the 
weaker 
one, it pays to choose 
a well type that 
improves 
the p- 
channel's 
conductance. 
Powell does 
this because 
the p- 
device 
is fabricated 
in an uncompensated 
substrate 
and 
thus 
has 
maximum 
mobility. 
Comparisons 
between 
n- 


6. Logic. Two major con- 
tenders 
for digital logic 
design are full comple- 
mentary (a) and domino 
logic (b). The former re- 
quires no clocks and 
IS 
simpler for many applica- 
tions. 
Domino 
logic, 
which performs best in an 
n·well technology. is fast· 
er and simpler for more 


complex 
circuits. 


Matching process to product 


These and other technical 
arguments 
may be combined 
into a consistent 
strategy 
(Fig. 7) for creating 
a line of 
CoMas processes 
serving 
a broad 
marketplace. 
For 
at 
least the next several 
years, a complete 
technology 
line 
must 
include 
CoMas based 
on both 
p- and 
n-type 
sub- 
strates. 
Fortunately, 
choosing 
epitaxia]-latchup 
control 
minimizes 
the development 
cost of running 
both process- 


es. Dynamic 
RAMs are supported 
on the n-well side to 


minimize 
pattern 
sensitivities 
induced 
by substrate 
cur- 


rents while protecting 
the p-channel 
cell from soft errors. 


E-PROMS are built 
in a similar 
n-well C-H-MOS process. 


Placing 
Intel's 
noMOS E-PROM cell in an epitaxial 
p-type 


substrate 
eliminates 
parasitic 
effects caused 
by high sub- 


strate 
currents 
flowing during 
cell programming. 
Microcontrollers 
land on the n-well side also, so that 


they may incorporate 
on-chip 
E·PROM cells. Most micro- 


controller 
products 
come in two versions, 
one with on- 


chip E-PROM for system-development 
and manufacturing 


flexibility, and another 
with on-chip 
ROM for lowest cost. 


Using 
n-well 
C-MOS, a single 
core 
design 
can 
support 


both versions. 
Telecommunications 
and signal-processing 


products 
can also take advantage 
of the n-well E-PROM 


process, 
both 
for its high-quality 
polysilicon-polysilicon 


capacitors 
and for the E-PROM cell's 
programmable 
fea- 


tures. High-performance 
static RAMs, whether 
six-transis- 


tor 
or polysilicon-load, 
can 
take 
advantage 
of a p-well 


C-H-MOS process. 
High-end 
microprocessors 
can key off 


the dense n-to-p packing 
and double-metal 
capability 
of- 
fered by the six-transistor 
static-RAM process. 
Because 
these 
processes 
are modular, 
development 
is 


simplified 
and 
manufacturing 
overhead 
is 
minimized. 
Just 
as all the 
1.5-l-'-m C-H-MOS III technologies 
share 
a 


common 
transistor 
module, 
the difficult contact 
module 


was developed 
once to be shared 
among 
all. Specialized 


features 
such 
as double 
polysilicon 
or double 
metal 
are 


extensions 
of the common 
base. 


C-MOStechnology 
is still developing 
at a frenetic 
pace. 


Surprisingly, 
the application 
of some 
newer 
techniques 


and the demands 
of next-generation 
circuits 
may bring 


the various 
forms 
of C-MOS closer 
together, 
rather 
than 


further 
splitting 
the number 
of integrated 
processes. 
One 
example 
of this 
trend 
is the 
development 
of a 


trench-isolation 
technique 
for separating 
nand 
p devices. 
When this module is perfected, 
there will be no reason to 
develop 
six-transistor 
static-RAM cells on p-well technol- 


ogy. The near-ideal 
trench 
isolation 
will prevent 
latchup 


on either substrate 
type. Similarly, 
if stacked 
C-MOSstat- 


iC-RAM cells can be perfected, 
there 
will be no need for 


polysilicon 
loads. 
The 
stacked 
C-MOS cell will have the 


same density 
but 
with improved 
performance 
and 
soft- 


error 
immunity. 
At that 
time, twin-well 
C-MOS on a p- 


type substrate, 
augmented 
by specialized 
features 
for spe- 


cific product 
lines, will become 
the one approach 
to a 
broad 
line of C-MOS processes. 


Another 
factor affecting future C-MOSintegration 
is the 


continued 
scaling of transistors. 
It is well known that the 


weaker 
p-channel 
transistor 
is gradually 
catching 
up on 


the n-channel 
device as channel 
lengths 
enter the submi- 


crometer 
region. Eventually, 
the performance 
differences 
may become so small that p- and n-channel 
devices will 


be used 
interchangeably. 
Before 
this 
level 
is reached, 
however, 
the 
5-Y power-supply 
standard 
must 
be 
re- 


duced. 
Because 
of the large base of TIL-compatible 
de- 
signs and the impossibility 
of converting 
the world to a 


new standard 
overnight, 
components 
operating 
from the 


new reduced 
supply 
will need to maintain 
TTL compati- 
bility and also be able to operate 
in a system that mixes 
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7. Technol09' 
tree. A relativelysmall lineof C-MOSprocess varia- 


tions, or modules, can be matched to a wide variety of products to 
serve a broad marketplace. The broken lines indicate directions of 
potentialfuturegrowth. 


older 
5-Y components 
with 
lower-voltage 
ones. 
An 
on- 


chip 
5-to-3-Y converter 
may 
be one 
way 
to solve 
the 
problem. 
This technique, 
however, 
will waste up to 40% 


of the total chip power within 
the voltage 
regulator. 


C-MOStechnology 
provides 
an elegant 
solution 
because 


it can drive TTL-compatible 
output 
levels from a system 
power supply 
as low as 3 Y. Since TIL levels are 
refer- 


enced 
to the negative 
(ground) 
rail, 
the grounded 
sub- 
strate offered by n-well C-MOSis a much-preferred 
means 


of integrating 
submicrometer 
transistors 
into such a sys- 


tem. This will be a strong 
motive 
to standardize 
on p- 
substrate 
C-MOS. 
A final factor that tends to drive future C-MOSprocess- 


es toward 
commonality 
is the growing 
importance 
of RC 
delays 
in overall 
chip performance. 
The 
latest 
high-per- 


formance 
static RAMs use an aluminum 
strap 
in parallel 
with 
the 
polysilicon 
word 
line 
because 
the 
RC 
delay 


induced 
by even the best 
refractory 
metal 
polycides 
is 
several 
nanoseconds 
too long. Studies 
of dynamic 
RAMS 


larger 
than 
1 megabit 
similarly 
indicate 
that 
refractory 


word lines will probably 
be inadequate, 
forcing 
the tech- 


nology to support 
two layers of metal. 
Combining 
these 


observations 
with 
those 
made 
previously 
regarding 
the 
evolution 
of static-RAM cells leads to the conclusion 
that 
most future 
C-MOS technologies 
will have two layers of 
polysilicon 
as well as two layers of metal. 


The development 
of silicon-on-insulator 
technology 
is 


the one major factor that could 
renew the divergence 
of 


C-MOSapproaches 
in the future. However, 
until the quali- 
ty of SOl substrates 
is adequate 
to support 
dynamic 
RAM 


and 
E-PROM cells, and 
not just 
static 
logic, 
it will not 
playa 
major role in a broad-based 
and modular 
teGhnol- 
ogy strategy. 
0 


Advanced 
24 
Packaging Information 


CHAPTER 24 
ADVANCED PACKAGING 


Today, 
system designers 
using LSI and VLSI devices are 


continuously 
facing 
problems 
associated 
with achieving 


the highest 
system performance 
level and most complex 


functional 
level of a particular 
system 
application 
in the 


smallest physical size possible. 
Until recently the available 


solutions 
to these 
device 
problems 
were 
limited 
to the 


traditional 
standard 
dual-inline-package 
(DIP) 
based 
on 
lOOmil center-to-center 
lead 
spacing 
and flat packages 
(FP). Today, 
these device 
problems 
are being solved in 


a number 
of new ways; DIPs based on 50 mil center-to- 


center lead spacing, 
surface 
mounted 
small outline 
DIP, 
surface mounted chip carriers, 
surface mounted gull-wing 
flat package 
and pin grid arrays. 
Among 
these possible 
solutions 
the two that are emerging 
as the next standard 


IC packages for LSIIVLSI devices are the surface mounted 
chip carrier and the pin grid array. 


24.2 
What Are Surface 
Mounted 


Chip Carriers? 


The chip carrier is basically the business portion of a DIP. 
Chip carriers 
are available 
in two general 
types: leadless 
and leaded. 


The leadless chip carrier construction 
is accomplished 
in 


much the same manner 
as the multi-layer 
ceramic 
DIP 


package, 
but it is missing 
the side-brazed 
legs and much 


of the ceramic 
surrounding 
the die cavity 
area. Instead, 
it consists of a ceramic 
package 
with 1J0 pads on all four 


sides, 
a die cavity 
area, 
metalization 
traces 
to the 110 
pads, and a hermetically 
sealable 
lid. Leadless 
chip car- 


riers are available 
in either square or rectangular 
package 
outlines. 
The leadless 
chip carrier 
can be attached 
to a 
board surface either directly, 
by socketing, 
or by the ad- 
dition of add-on leads. 


The leaded chip carrier construction 
is accomplished 
also 
in much the same manner as the plastic DIP package, 
but 


has leads that are bent down and under 
the package 
on 


all four sides rather than like the DIP. It is also missing 
much of the plastic surrounding 
the die platform 
and con- 


sists of plastic material encapsulating 
the die platform with 


1J0 pads or leads on all four sides. The plastic leaded chip 
carrier is available 
in square or rectangular 
package 
out- 


line, that can be attached to a board surface either directly 
or by a socket. 


Chip carriers 
are registered 
JEDEC 
standard 
packages. 
The standard 
is based upon two basic packagc 
types, one 


with 50mil 
center-to-center 
terminal 
spacing, 
the other 


. with 40mil 
spacing. 
Each 
package 
type was developed 


with certain application 
in mind, such as mounting 
meth- 
ods, board material, 
thermal 
characteristics 
and external 


features. 
Intel's 
Microcontroller 
Operation 
offers two va- 


rieties of JEDEC 
packages, 
both with 50mil 
spacing, 
a 
square ceramic 
leadless 
type and a square plastic 
leaded 


type. 


In addition 
to these 
mechanical 
packaging 
advantages, 


there are also electrical benefits. The package arrangement 
of the chip carriers 
110 pads, on all four sides, allows for 


package 
traces to be shorter and more uniform 
in length. 


This allows 
lower 
resistance, 
less capacitance 
and less 


inductance, 
resulting 
in higher 
system 
performance 
and 


improved 
switching 
characteristics. 


Figure 
24.1 
shows 
the differences 
between 
the surface 


area (in2) 
versus 
pin count of both a ceramic 
dip and a 


ceramic 
leadless chip carrier device. 
Note that an 18-pad 


chip carrier offers a 57% saving in area. As the pin counts 
increase, 
the chip carrier surface area advantage 
becomes 
significantly 
more obvious. 
This space efficiency 
allows 


the system designer to increase the number of components 
on a board or decrease 
the overall 
board size and, thus, 


the overall 
system size. 
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Figure 
24.2 
shows 
the differences 
between 
the surface 


area (in2) 
versus 
pin count 
of both a plastic 
DIP and a 


plastic Leaded 
Chip Carrier 
device. 
As can be seen, the 


savings 
in area 
is also as significant 
as the pin count 


increases, 
allowing 
the same system benefits. 


However, 
the biggest advantage 
a ceramic chip carrier has 


over a ceramic dip is in its weight. 
Figure 24.3 shows the 


difference 
between 
the weight 
(grams) 
versus 
pin count 


of both ceramic 
DIP and ceramic 
Leadless 
Chip Carrier. 


_ _ _ _ _ 
CHIP CARRIERS (LEADLESS CERAMIC) 


-- 
CERAMIC DIP 


For an 18-pin count, 
there is a 77% weight saving and as 


the pin counts increase to 28 and to 48, this weight savings 
increases 
to 90% and 95%, 
respectively. 
In the case of 


the plastic leaded chip carrier, 
the weight savings 
over a 


plastic DIP is noticeable 
but not significant. 
However, 
it 
is in the ability 
to decrease 
the board 
size and, 
thus, 


economizing 
on material 
and weight 
reduction 
that the 
significant 
advantage 
exists. 


24.4 What Are Pin Grid Arrays? 


The Pin Grid 
Array 
is basically 
a combination 
of the 


ceramic DIP and ceramic 
Leadless 
Chip Carrier. 
The Pin 
Grid Array construction 
is accomplished 
in much the same 


manner 
as the multi-layer 
ceramic 
DIP, but it is missing 


the side-brazed 
legs and much of the ceramic surrounding 


the die cavity. 
Instead, 
it consists 
of a ceramic 
package 


with leads coming off the bottom 
in rows or circular pat- 
terns. The Pin Grid Array is available 
in square package 


outlines with lead spacing of 100 mils and can be attached 
to a board in the same manner 
as a DIP. 


Pin Grid Arrays 
are being proposed 
as JEDEC 
standard 


packages 
and will have from I to 10 nested rows of legs 


and may have a die cavity mounting 
area oriented 
up or 


down. 


24.5 Why Pin Grid Array? 


Figure 24.4 shows the difference 
between the surface area 


(in2) versus pin count of both a 50 mil spacing chip carrier 
and a 100 mil spacing 
Pin Grid Array device. 
Note that 


at approximately 
68 pins and above 
the Pin Grid Array 


becomes 
a better 
solution 
for higher 
pin count 
require- 


ments than the chip carrier. 
In addition, 
the 100 mil lead 


spacing 
and through 
board mounting 
technique 
provides 


customers 
with an assembly 
technology 
that is familiar. 
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17 
15 
13 
11 
9 
7 
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18 
19 
16 
14 
12 
10 
8 
6 
4 
2 
68 


20 
21 
67 
66 


22 
23 
65 
64 


24 
25 
63 
62 


26 
27 
MCS~-96* 
61 
60 


28 
29 
59 
58 


30 
31 
57 
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32 
33 
55 
54 


34 
36 
38 
40 
42 
44 
46 
48 
50 
53 
52 


35 
37 
39 
41 
43 
45 
47 
49 
51 


PIN 
SYMBOL 
PIN 
SYMBOL 
PIN 
SYMBOL 
PIN 
SYMBOL 


1 
ACH7/PO.7 
18 
ADO/P3.0 
35 
READY 
52 
HSI2IHS04 


2 
ACH6IPO.6 
19 
AD1/P3.1 
36 
T2RST/P2.4 
53 
HSI1 


3 
ACH2IPO.2 
20 
AD2IP3.2 
37 
BHE 
54 
HSIO 


4 
ACHO/PO.O 
21 
AD3/P3.3 
38 
WR 
55 
P1.4 


5 
ACH1/PO.1 
22 
AD4/P3.4 
39 
PWM/P2.5 
56 
P1.3 


6 
ACH3IPO.3 
23 
AD5/P3.5 
40 
P2.7 
57 
P1.2 


7 
NMI 
24 
AD6IP3.6 
41 
VBB 
56 
P1.1 


8 
EA 
25 
AD7/P3.7 
42 
VSS 
59 
P1.0 


9 
VCC 
26 
AD8/P4.0 
43 
HS03 
60 
TXD/P2.0 


10 
VSS 
27 
AD9/P4.1 
44 
HS02 
61 
RXD/P2.1 


11 
XTAL1 
28 
AD10/P4.2 
45 
P2.6 
62 
RESET 


12 
XTAL2 
29 
AD11/P4.3 
46 
P1.7 
63 
EXTINT/P2.2 


13 
CLKOUT 
30 
ADl21P4.4 
47 
P1.6 
64 
VPD 


14 
TEST 
31 
AD13/P4.5 
48 
P1.5 
65 
VREF 


15 
INST 
32 
AD141P4.6 
49 
HS01 
66 
ANGND 


16 
ALE 
33 
AD15/P4.7 
50 
HSDO 
67 
ACH4/PO.4 


17 
RD 
34 
T2CLKlP2.3 
51 
HSI3/HS05 
68 
ACH5/PO.5 


